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ABSTRACT 
Several lines of experimental studies, like intracerebral 
microinjection, unit recording, stimulation and lesioning, 
evidence have shown that the medial preoptic area (mPOA) plays a 
major role m the regulation of sleep-wakefulness (S-W) and body 
temperature. The mPOA receives noradrenergic, dopaminergic and 
serotonergic afferent inputs. The probable involvement of these 
monoaminergic systems, at the level of the mPOA, in the 
regulation of sleep could be investigated by assessing the levels 
of noradrenaline (NA) , dopamine (DA) and serotonin (5-HT) in this 
area after sleep deprivation. The changes in the activity of 
afferent terminals m the mPOA could be also studied by observing 
the morphological changes in the dendritic spines of the neurons 
in this area. Local application of drugs at the mPOA and lesions 
of specific afferents projecting to the mPOA have shown that the 
5-HT and DA fibers may not be playing a major role, at this 
level, for regulation of S-W. Local application of NA at the 
mPOA, on the other hand, produce changes in S-W. But it is 
difficult to presume the role of NA fibers on the basis of the 
studies where NA agonists and antagonists are locally applied. 
The study of changes m S-W, after the destruction of the NE 
fibres in the mPOA would clarify the role played by these fibers 
in the regulation of sleep. Though an increase m NA turn over at 
the mPOA was suggested after sleep deprivation, and a decrease in 
sleep after lesion of NA fibers projecting to the mPOA, local 
application of NA at the mPOA produced an increase in arousal. 
This apparent contradiction was resolved by the experiment m 
which NA induced sleep, when applied at the mPOA after lesion of 
the ventral noradrenergic bundle (VNA) supplying NA fibers to the 
hypothalamus including the preoptic area. It was suggested that 
the arousal induced by the NA in normal animal was due to its 
action on the presynaptic a2 receptors. To resolve this issue a2 
agonist and antagonist were applied at the mPOA m normal free 
moving rats. For further confirmation of the site of action of 
these drugs, they were applied at the mPOA after destruction of 
CA terminals containing the a2 receptors. Most of the adrenergic 
agents, including clonidine, which alter the S-W, also bring 
about an alteration m body temperature when applied at the mPOA. 
So, the changes in the rectal temperature (Tree) was also 
monitored after application of these drugs at the mPOA. 
The series of experiments which ultimately lead to identification 
of afferents, the neurotransmitters, the receptors and the mode 
of action of NA afferents at the mPOA were the following: 
1. Study of the profiles of the monoaminergic neurotransmitters 
(NA, DA, 5-HT) and its metabolites { 3,4-dihydroxyphenylacetic 
acid (DOPAC) and 5-hydroxy-tryptophan (5-HTP) , and 5-
hydroxymdole acetic acid (5-HIAA) and tryptophan (TRP) at the 
mPOA and cortex in normal and total sleep deprived rats. 
2. Alteration m dendritic morphology (numerical spine 
densities), at the mPOA and cortex m normal and sleep deprived 
rats. 
3. Changes in S-W in rats after selective destruction of CA 
fibers at the mPOA with 6-OHDA. 
4. Study of the effects of local application of clonidine (an a2 
agonist) and yohimbine (a2 antagonist) at the mPOA on S-W arid 
body temperature in normal and YNA lesioned rats. 
The data was collected on the basis of results obtained from 77 
male adult rats, Rattus norvegicus (Wistar strain) weighing 
between 225 to 275 g. Out of these, the bulk of the experiments 
(48 rats) were conducted for intracerebral microinjection 
studies. So, m the thesis these experiments are described first. 
These rats were divided into eight groups of six each. Under 
pentabarbitone sodium anaesthesia (40 mg/kg bw, ip), electrodes 
for recording EEG, EMG and EOG, and bilateral guide cannulae for 
injection of drugs at the mPOA, were chronically implanted. In 
four groups the VNA were also bilaterally lesioned by injecting 8 
(J.g of 6-OHDA in 1 \xl of saline containing 1% ascorbic acid. 
Clonidme and yohimbine were locally applied at the mPOA, in both 
normal and VNA lesioned rats, to find out the role of a2 
receptors at this brain region m the regulation of sleep-
wakefulness and body temperature, and its possible 
interrelationship. In all the rats the Tree was monitored every 
5 min through out the study. Though arousal was produced in 
normal rats by the injection of the a2 adrenergic agonist, 
clonidine, at the mPOA, it induced sedation in the rats with NA 
fiber lesion. Behavioural arousal produced by clonidine 
administration was accompanied by EEG synchronization. Clonidine 
did not alter the rectal temperature in normal rats but it 
induced hypothermia in the lesioned rats. Injection of a2 
antagonist, yohimbine, at the medial preoptic area induced sleep 
in rats with intact noradrenergic fibres. However, the sleep 
inducing effect of this drug was very much attenuated in the 
lesioned animals. There was no significant change m body 
temperature, m both these groups of animals, after yohimbine 
administration. These microinjection studies indicates the role 
of presynaptic a2 adrenergic receptors m arousal response and 
indirectly supports the contention that the al postsynaptic 
receptors at the mPOA are involved in hypnogenesis. It also 
suggests that the thermal changes induced by adrenergic system 
are mediated through al postsynaptic receptors. But the thermal 
changes do not contribute towards the induced alterations in S-W. 
It is proposed that there should be separate sets of 
noradrenergic terminals for regulation of sleep and body 
temperature. 
Experiments were conducted on 24 adult male Wistar rats to find 
out the alteration in the levels of monoamines and dendritic 
spine densities m the mPOA and cortex (as control area) after 
total sleep deprivation (TSD). The rats were subjected to TSD by 
placing them in a slowly rotating sleep deprivation chamber. 
After 48 hrs of TSD, the control as well as the experimental 
animals were sacrificed to estimate the monoaminergic 
neurotransmitter profile and the changes m spine densities. NA 
was reduced in the mPOA, though there was no significant change 
m the cortex. DA and 5-HT were decreased both in the mPOA and in 
the cortex. Dendritic spine counts in the mPOA and the motor 
cortex were increased after total sleep deprivation. The 
reduction in the monoamines in the mPOA could be due to the 
enhanced release of the monoamines and their subsequent breakdown 
during sleep deprivation. Increase in synaptic activity, 
resulting in the enhanced release of the transmitters, might be 
responsible for the increased spine density. 
Long term changes in the S-W after the selective destruction of 
NA terminals in the mPOA were studied m 5 animals. The 24 h 
recording were carried out before mPOA lesion and on days 4, 8, 
12 after the mPOA lesion. There was a significant increase m Wl 
after 8 days of lesion which persisted on the 12th day. Wl was 
the major component of the wakefulness. There was no significant 
change in the duration of all the stages of S-W on the fourth 
day. The reduction in total sleep was significant only on the 
eighth day. But the day time sleep was found to be decreased 
significantly on the twelfth day. During light period, SI was 
reduced on both eighth and twelfth days. On the other hand, 
increase in Wl was significant only on twelfth day. Wl was 
increased significantly on eighth day during the dark period. In 
spite of the variation in S-W, the day night sleep ratio was not 
affected by 6-OHDA lesion of the mPOA. It has been reported 
earlier that the mPOA lesion by 6-OHDA produced increase in W2. 
But the present findings, in the lesion study, show that there is 
an increase in Wl after 6-OHDA lesion of the mPOA. This 
alteration could be due to the difference in the recording days. 
In the present study, the recordings were carried out on fourth, 
eighth and twelfth day after the lesion. 
On the basis of the findings reported in the thesis, and also on 
the basis of available literature, it can be concluded that the 
NA fibers projecting to the mPOA play a hypnogenic role. It is 
likely that the NE fibers responsible for the changes in S-W pass 
via the VNA, as most of the NA fibers projecting to the 
hypothalamus from the brain stem pass via this fiber pathway. 
This possibility is further supported by the fact that the S-W 
responses elicited from the mPOA could be altered after lesion of 
the VNA. Sleep regulation and body temperature regulation are 
regulated through al receptors in the mPOA, but there are 
separate sets of NA terminals involved in these two functions. 
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PREFACE 
PREFACE 
Man spends approximately one third of his life in sleep. So, sleep has aroused the interest of 
mankind since the time immemorial. The religions of east and west and some of the 
earliest civilization has reflected this in their scriptures. For example, Upanishads, circa 1000 
BC wrote about "the dreaming" and "the deep dreamless sleep". The word sleep or 
somnolence is derived from the Latin word somnus, the German words sleps, staf, or 
schlaf. 
Eminent luminaries in the field of sleep research are working fi-om molecules to brain, to 
unravel the mystery behind sleep and its mechanisms. The main aim of this study was to 
investigate the noradrenergic mechanisms in the regulation of sleep-wakefiilness and body 
•temperature at the level of the preoptic area. The main methods employed were to 
manipulate the preoptic area by drug injection, sleep deprivation and lesioning by neurotoxin. 
In order to fulfill the above objectives, a holistic, multidimensional approach was 
followed, (i) Local administration of drugs (alpha adrenergic agonist and antagonist) in 
normal and vental noradrenetgic bundle lesioned rats. This elucidates the receptor 
mechanisms involved in the regulation of sleep-wakefulness and body temperature, (ii) 
Estimation of monoaminergic neurotransmitter in normal and sleep deprived animals. 
This elucidates the neurotransmitter profiles with and without normal sleep, (iii) 
Estimating the alterations of numerical spine densities before and after sleep deprivation. 
This will give a picture of some aspects of the dynamics of functional morphology, (iv) 
Evaluation of long-term sleep and wakefulness after the destruction of catecholaminergic 
fibers in the medial preoptic area. This will give an overview of sleep-wakefulness 
patterns in absence of catecholamines. 
The observations from the above experiments are embodied in this thesis under three parts. 
I. Intracerebral microinjection studies, 11. Total sleep deprivation studies and III. 
Medial preoptic area lesion studies 
GENERAL INTRODUCTION AND 
REVIEW OF LITERATURE 
GENERAL INTRODUCTION AND 
REVIEW OF LITERATURE 
The preoptic area (POA), a small nucleus of the basal forebrain, plays a very important 
role in a variety of physiological, behavioural and autonomic functions. Because of the 
diversities in its functional interplay and its anatomical complexities, this area has been 
extensively studied in many animal species, including the mouse (Broadwell and Bleier, 
1976), rat (Gurdjian, 1927; Conrad and Pfaff, 1974 , 1976a, b; Swanson, 1976a; Ambach et 
a/., 1978; Bleier et at., 1979; Chiba and Murata, 1985; Simerly and Swanson, 1986), 
opossum (Loo, 1931), bat (Humphrey, 1936), and monkey (Papez and Aronson, 1934; 
Atlas and Ingram, 1937). 
THE PREOPTIC AREA: ANATOMY AND MORPHOLOGY 
The POA, which lies in the basal forebrain, measures less than 1.5 mm in rostro-caudal 
extent in rats. It is considered to be derived embryologically from unevaginated telencephalon 
medium (His, 1893; Clark et a/., 1938; Swanson, 1976a). Morphologically the rostral 
hypothalamus and the preoptic region are inseparable which has given birth to the belief 
amongst some workers that the POA may be a hypothalamic derivative, arising caudal and 
ventral to the lamina terminalis and the commissural plate (Rose, 1935; Kuchlenbenck, 
1954). 
The POA is rostrally bound by the diagonal band of Broca and nucleus accumbens Caudally, 
its border is not well-defined and merges with the anterior part of the anterior 
hypothalamic region Medially, it is limited by the periventricular nucleus and the third 
ventricle Laterally, it is related to the anterior amygdaloid area Dorsally, the POA extends 
upto the anterior commissure and the bed nucleus The bed nucleus of stria terminalis 
is wedged between the lateral and medial POA Ventrally, it is delimited by the optic 
chiasma Just above the optic chiasma, POA is seen to merge with the lateral hypothalamic 
region 
The POA can be divided cytoarchitectonically into three zones i e, lateral, medial and 
periventricular (Gurdjian, 1927, Swanson, 1976, Bleier e?a/.,1979) The lateral and medial 
POA are clearly identified in monkeys, but not so in cats (Swanson, 1976 a, Simerly and 
Swanson, 1986) 
Lateral preoptic area (IPOA) 
This area has a few medium sized neurons scattered among the fibres of the dorso-medial 
division of the medial forebrain bundle (Gurdjian, 1927, Swanson, 1976a, Bleier et ai, 
1979) The central part of this area contains mainly fibres and is termed as para preoptic of 
medial forebrain bundle (MFB) The medial part, termed the preoptic nucleus contains fibres 
and many neurons (Gurdjian, 1927, Jacobwitz and Palkovits, 1974, Swanson, 1976a, Bleier 
et al.,\919) The magnocellular preoptic nucleus has been identified by Loo (1931), Krieg 
(1932), Papez and Aronson (1934), Humphrey (1936), Atlas and Ingram (1937) and Fox 
(1940) It has also been called the nucleus interstitialis septo-hypothalamicus (Gurdjian, 
1927) and "nucleus of the horizontal limb of the diagonal band" (Price and Powell, 1970) 
The lateral preoptic zone merges medially with the mPOA and caudally with the lateral 
hypothalamic area Rostrally, it is delineated by the diagonal band of Broca and the 
nucleus accumbens Dorsally, it is separated from the bed nucleus of stria terminalis by a 
thin layer of relatively cell free zone (Swanson, 1976a) 
Medial preoptic area (mPOA) 
The mPOA extends throughout the length of the preoptic region and has less number of 
fibres of passage. Dorsally, mPOA of rats is limited by the anterior commissure and ventrally, 
by the optic chiasma, medially by periventricular preoptic nucleus, and laterally, it merges 
with the IPOA without any clear cut demarcation. Caudally, it merges with the anterior part 
of the anterior hypothalamic area. Rostrally, the mPOA extends upto the level of the lamina 
terminalis. The mPOA has many nuclear groups in its cell dense central and medial 
subdivision and the cell sparse lateral subdivision (Simerly et a/., 1984 a, b; Simerly and 
Swanson, 1986) as described below. 
(i) Medial preoptic nucleus (MPN) 
The MPN is oval shaped with the largest cell condensation in the mPOA, extending 
nearly the entire length of the mPOA (Gurdjian, 1927). The medial preoptic nucleus (MPN) 
can be divided into three distinct parts on the basis of distribution of serotonergic innervation. 
The medial part of the nucleus (MPNm) is dense and contains a low to moderate density 
of serotonergic fibres, while the cell sparse lateral part of the nucleus (MPNl) contains a 
dense plexus of serotonergic fibres. A small, extremely cell dense central part (MPNc) is 
virtually devoid of serotonin fibres. Each of these subdivisions is sexually dimorphic. 
The central and medial parts are large in males, whereas, in females the lateral part of the 
MPN occupies most of the nucleus (Simerly et a/., 1984 a). The MPNc corresponds to the 
sexually dimorphic nucleus of the POA in rats (Gorski et ai, 1980). There are other small 
•cell condensations (small nuclei), other than the MPN, present in the preoptic region. 
(ii) Anterodorsalpreoptic nucleus 
It is roughly oval in shape in fi-ontal section and extends approximately 300 \xm rostro-
caudally. Rostrally, it arches in fi-ont of the anterior commissure and ventral part of the 
lateral septal nucleus (Swanson and Cowan, 1979). It contains irregularly shaped neurons. 
(Hi) Parastial nucleus 
A triangular region of low cell density lies just lateral to the anterio-dorsal preoptic nucleus 
and contains the precommissural component of the stria terminalis. It has two regions, 
the rostral spherical cell group, called the round nucleus and replaced caudally by a 
group of fusiform cells arranged in parallel (Raisman and Field, 1973). 
(iv) Postero-dorsal preoptic nucleus 
This is a small area occupied by large neurons, lying postero-dorsal to the preoptic 
nucleus, just ventro-lateral to the anterior magnocellular part of the paraventricular nucleus 
(Swanson and Kuypers, 1980). This nucleus contains many cells that selectively 
accumulate steroids. It is sexually dimorphic, being over twice as large in the male rat 
compared to that of the female rat (Simerly et at., 1984 a,b). 
(v) Antero-ventralpreoptic nucleus (AVPv) 
This nucleus, also known as antero-ventral periventricular nucleus (Gurdjian, 1927) is 
located rostral to the MPN and separated from it by a relatively cell-free zone. It is reported 
to be sexually dimorphic, being slightly larger and more densely cellular in females (Bleier 
etal., 1979; Simerly etal., 1984 a,b). 
Periventricular area 
This is a thin band of small cells oriented parallel to the third ventricle. The preoptic 
periventricular nucleus is a dense collection of small group of cells. As the ventricle and the 
lamina terminalis appear, the preoptic periventricular nucleus swings laterally and a pair of 
prominent bar like collection of cells are seen as part of its ventral extremity, caudal to this 
level. The preoptic periventricular nucleus cells are loosely grouped and are succeeded by 
the periventricular cells of the anterior hypothalamic area (Swanson, 1976 a; Bleier et 
a/., 1979). 
NEURAL CONNECTIONS OF THE POA 
Various studies indicate that the fibre input into the POA are fi-om widely distributed 
areas of both forebrain and brainstem, and are distributed topographically within the three 
cytoarchitectonic subdivisions of the nucleus Major areas of the hypothalamus send fibres 
directly to the POA (Simerly and Swanson, 1986) Projections fi'om the nuclei within 
the periventricular zone of the hypothalamus end primarily in the medial part of the MPN 
while inputs fi^om the lateral zone are mainly confined to the lateral part of the nucleus. 
Limbic regions including amygdala, ventral subiculum, and ventrolateral septal nucleus, send 
fibres preferentially to the lateral part of the MPN However, the projection from the 
encapsulated part of the bed nucleus of the stria terminalis appears to end in the central 
part of the MPN (Simerly and Swanson, 1986) Moreover, the MPN may receive relatively 
sparse inputs fi'om limbic and insular cortical areas, the nucleus accumbens and the 
substantia innominata The ascending serotonergic projections from the raphe nuclei appear to 
terminate principally in the lateral part of the MPN, whereas inputs fi'om regions containing 
noradrenergic cell group are chiefly distributed to the central and medial parts of the nucleus. 
Other brain stem regions that appear to provide modest inputs include the ventral 
tegmental area, central tegmental field, periaqueductal gray, pedunculopontine nucleus 
and the peripeduncular nucleus (Swanson, 1976 a, Chiba and Murata, 1985, Simerly and 
Swanson, 1986) In general, most of the projections that end in the medial part of the MPN 
reach the nucleus by way of a periventricular route while projections that end in the lateral 
part of the nucleus tend to course through the MFB (Chiba and Murata, 1985, Simerly and 
Swanson, 1986) These connections indicate that the MPN may play a key role in 
coordinating variety of neural systems, modulating circulating hormones, and controlling 
several homeostatic fimctions (Chiba and Murata, 1985, Simerly and Swanson, 1986). 
The projection fi-om the pedunculopontine nucleus to the MPN may be fijnctionally 
important (Swanson et ai, 1984) On the basis of connections with extrapyramidal motor 
nuclei (Saper and Loewy, 1982), and a great deal of physiological evidence (Grillner and 
Wallen, 1985), the pedunculopontine nucleus is said to be involved in the modulation of 
locomotor activity especially in response to behaviours that are influenced by the MPN 
The ventral subiculum, in turn, relay sensory information from the neocortex to the lateral 
part of the MPN through its projection to the ventro-lateral septal nucleus (Swanson and 
Cowan, 1979) and directly through the medial cortico-hypothalamic tract (Krettek and Price, 
1978) 
The mPOA contains serotonin cells and receptors (Fuxe, 1965, Saavedra et ai, 1974, 
Parent e/a/., 1981, Simerly et ai, 1984 b) Presence of 5-HT terminals in the POA was also 
shown by histochemical fluorescence technique in rat (Ungerstedt, 1971, Fuxe and 
Johnson, 1974) Fibres giving rise to 5-HT terminals have been described earlier Serotonin 
content in the POA has been measured with sensitive enzymatic isotopic technique 
(Saavedra etai, 1974) Relatively high concentration of serotonin in the mPOA has been 
further confirmed using other biochemical estimation technique (Van de Kar and Lorens, 
1979) The serotonergic inputs appear to arise exclusively from the dorsal and median 
nuclei of the raphe B7 and B8 cell groups described by Dahlstrom and Fuxe (1964), and 
the B9 cell group adjacent to the medial lemniscus. However, nonserotonergic inputs arise 
from the central linear nucleus of the raphe and nucleus raphe magnus (Simerly et a/., 1984b, 
1986) The substance P nerve terminals are also densely distributed (Simerly et al, 1986) 
Somatostatin cell bodies are distributed in the periventricular hypothalamus and median 
eminence (Simerly et ai, 1986) Noradrenaline (NE) nerve terminals are sparse in 
mPOA but moderate in periventricular hypothalamic nucleus at the mPOA level They are 
reported to be aflferents of Al cell groups in the medulla oblongata or afferents of locus 
coeruleus cells (Chiba and Murata, 1985) 
Reciprocal cormection between the stria terminalis to the periventricular hypothalamic 
nucleus at the mPOA level was also described (Simerly and Swanson, 1986) Swanson (1976 
a) reported that mPOA receives inputs from the medial septum, diagonal band, lateral septal 
nucleus, bed nucleus of stria terminalis and sends output to several hypothalamic nuclei. 
The MPN receives adrenergic input from nucleus of the solitary tract, and the region of 
the Al NE cell group (Norgren, 1978, Day et ai, 1980) 
Many studies have shown that the presence of acetylcholine (ACh) in the POA (Jacobowitz 
and Goldberg, 1977, Hoover et ai, 1978, Vizi and Palkovits, 1978) Studies have also 
indicated that the mPOA contains more ACh than the IPOA The presence of choline and 
acetyltransferase was shown in the POA (Brownstein et ai, 1975, Luine et ai, 1975, Vizi and 
Palkovits, 1978, Hoover et al.,1978, Luine et a/., 1980) Many histological methods have 
demonstrated the presence of ACh and acetylcholine esterase containing nerve terminals 
(Jacobowitz and Palkovits, 1974, Parent and Butcher, 1976) The POA contains both 
muscarinic and nicotinic receptors (Segal et a/., 1978) 
The MPN contains a very high density of cells that concentrate gonadal steroids (PfafF 
and Keiner, 1973, Sar and Stumpf, 1975, Jacobson et ai., 1982) There is a remarkable 
correlation between the topographic distribution of cells in the forebrain that project to the 
MPN and distribution of steroid concentrating cells It is suggested that these cell groups 
compose a limbic-hypothalamic net work that coordinates the influence of circulating 
gonadal steroids on specific brain regions in a number of physiological and behavioural 
responses (Pfaff, 1980) Estradiol and testosterone concentrating neurons are present in the 
mPOA (Sar and Stumpf, 1975) 
The largest population of leutinising hormone releasmg hormone (LHRH) neurons have 
been reported in the mPOA (Silverman, 1988) and it is widely accepted as a regulatory 
centre for LH secretion m female rats (Kalra et al., 1971) Electrochemical stimulation of 
the mPOA caused a consistent release of LH (Kalra e/a/., 1971) Stimulation studies have 
shown that the mPOA is involved in ovulation (Everett, 1965, Terasawa and Sawyer, 1969, 
Kalra e/a/., 1971) 
The role of themPOA in the inhibition of prolactin (PRL) secretion is well documented 
(Jakubowski et al., 1988, Wiersma and Kastelijn, 1990) Wiersma and Kastelijn (1990) 
reported that electrical stimulation produced a significant reduction in the magnitude of 
the proestrous and estrous afternoon levels of prolactin in pregnant rats Moreover, 
prolactin reduction during suckling, in lactating rats, suggests that the mPOA may be 
considered as an "antisurge" key control centre for prolactin secretion On the other hand. 
prolactin secretion can be stimulated by injection of NA agonists into preoptic-anterior 
hypothalamic area (Willoughby et ai, 1986). Stimulation of the mPOA leads to a decrease in 
plasma GH levels (Martin, 1976) and ablation (Rice and Critchlow, 1976) resulted in an 
increase in GH. The ascending inputs to the medial part of the MPN from the nucleus of the 
solitary tract and Al region appear to relay vagal and glossopharyngeal sensory information 
(Sawchenko and Swanson, 1983), thought to modulate reproductive function and behaviour. 
Anatomical evidence suggests that olfactory and visceral sensory information appear to 
end mostly in cell-dense central and medial parts of the MPN, and pathways carrying 
neocortical information, and serotonergic inputs from the midbrain appear to end mostly in 
the cell sparse lateral part of the nucleus. 
NORADRENERGIC SYSTEM IN RAT BRAIN 
The mPOA of rats contain neurotransmitters like NE, dopamine (DA), serotonin (5HT) and 
ACh. These neurotransmitters mediate various functions such as temperature regulation, sex 
behaviour and maternal behaviour including the regulation of sleep-wakeflilness. 
Histofluroscence and spectrophoto-fluorometric techniques have shown that noradrenergic 
fibres are present in the mPOA (Anden et al., 1966; Ungerstedt, 1971a; Jonsson et al., 
1972; Bjorklund et ct/.,1973, Martinovic and McCana, 1977; Nicholson et al, 1978). This 
has been further substantiated by immunoflurescence technique (Swanson and Hartman, 
1975; Kizer et al., 1976). Moderate amounts of NE has been shown by radio isotope 
method (Kobayashi et a/., 1974; Palkovits et al., 1974; Versteeg et al, 1976; Hohn and 
Wuttke, 1978). Also 6-hydroxydopamine (6-OHDA) has been used as a tool, in the 
mapping of central NE pathways (Jacobowitz and Kostrzewa, 1971; Sachs and Jonsson, 
1972). 
Using the above mentioned techniques, several ascending and descending noradrenergic 
pathways have been identified in the brain stem of rat (Ungerstedt, 1971 a; Lindvall and 
Bjorklund, 1974; Bjorklund et al., 1973). These pathways arise from catecholamine 
containing cell bodies, in the brain stem (Table I) . 
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TABLE - 1 : NORADRENERGIC SYSTEM 
ORIGIN OF CELL GROUP EFFERENT PROJECTIONS 
A Lateral tegmental medullary system 
Al Lateral tegmental medullary cell group The fiber pathways of A1, A2, A5 
& A7 from a component of central 
tegmental tract (CTT) and 
projections of these neurons 
network rather than discrete 
synaptic contacts. ^ 
(LTMC) in the ventrolateral part of the 
anterior medullary tegmenmm of medulla 
oblongata. 
A2 Dorsal medullary cell group in the dorso-
medial part of the medulla oblongata in the 
NTS, the commissural nucleus and the 
dorsal motor nucleus of the vagus (X). 
A3 
A4 
B 
A5 
A7 
LTMC in the ventro-lateral part 
posterior medullary tegmentum. 
of the 
Cell group in the roof of the 4th ventricle, 
laterally and dorsally along the medial 
aspect of the superior cerebellar peduncle. 
Lateral tegmental pontine system 
Lateral tegmental pontine cell group in the 
rostral part of the facial nucleus upto 
parabrachial nucleus just rostal to the LC. 
Cell group in the parabrachial region 
primarily in the area ventro-lateral to the 
superior cerebellar peduncle, rosatral to cell 
group A5 in the lateral pontine reticular 
formation. 
C Locus coeruleus (LC) system 
A6 Cell bodies densely packed within the LC LC axons occupy 3 ascending and 2 
proper, found in the gray matter of pontine descending pathways giving rise to 
brainstem at the floor of the 4th ventricle many millions of NA terminals in 
where they intermingle with the cells of the every major region of the neuro axis 
subcoeruleus. (dorsal, ventral noradrenergic 
bundle, dorsal periventricular tract, 
cerebellar, spinal and cortical tracts) 
TABLE -1 : NORADRENERGIC SYSTEM (Contd..) 
Dorsal noradrenergic bundle (DNA) 
This tract ascends through the mesencephalon just ventro-lateral to the central gray, to 
enter the MFB. Before entering the MFB some fibers leave the DNA to iimervate 
habenula and thalamus (via the internal and external thalamic laminae). Many NA fibers 
through MFB innervates dorsal thalamus, anterior thalamus (via the mammillothalamic 
tract), ventral amygdala, ventral hippocampus, and ventral cortical areas (via the ventral 
amygdalofugal pathway), striatum and subthalamic extrapyramidal areas (via ansa 
lenticular is). Near the rostral pole of the MFB at the level of the septum, DNA breaks up 
into 5 final groups which travel the rostral habenula and dorsal thalamus (via stria 
meduUaris), amygdala (via stria terminalis), olfactory regions (via MFB) and the cerebral 
cortex (via the cingulum) respectively. Also gives afferents to dorsal hypothalamus. 
Ventral noradrenergic bundle (VNA) 
A portion of the LC fibres more ventrally from the LC join the CTT, which traverses the 
VTA, until it reaches the caudal hypothalamic zones including paraventricular nuclei. 
Dorsal periventricular tract (DPT) 
Fibers from LC enter the PAG and ascend as components of the dorsal longimdinal 
fasiculus. Axons can be followed rostrally as far as the middle of the hypothalamus where 
they join DNA that are destined to innervate the caudal and dorsal hypothalamus. 
Fibers from the LC join the superior cerebellar peduncle to innervate the cerebellum 
(Purkinje cells). 
LC also projects to the medulla oblongata and spinal cord via fibers which descend in the 
CTT and few of which descend in the dorsal periventricular system. 
LC also innervate all 6 layers of neocortex. 
The CA containing perikarya, are described and classified, primarily on the basis of 
topographical and morphological criteria, into twelve groups, designated as Al to A12 
(Dahlstron and Fuxe, 1964). 
These cell groups are present in the medulla oblongata, pons, mesencephalon, caudal 
thalamus and mediobasal hypothalamus (Lindvall and Bjorklund, 1981). Later, one cell 
group in the zona incerta and the caudal hypothalamus, A13, (Fuxe et ai, 1969) and 
another in the periventricular gray of the anterior hypothalamus and the preoptic region, 
A14, (Bjorklund et al., 1973) were also identified. There are two major ascending 
pathways originating from the NE cell groups and supplying the whole of diencephalon and 
cortex which are classified as dorsal noradrenergic bundle (DNA) and ventral 
noradrenergic bundle (VNA). 
Dorsal noradrenergic bundle (DNA) 
The cell bodies of the DNA are located in the nucleus of locus coeruleus. The DNA bundle 
occupies the dorsal part of the ascending group of NE axons. At the caudal level of 
nucleus pontis, these axons turn dorso-medially to form a completely separate, dorsal 
bundle of axons. At the rostral level of nucleus mamillaris they turn ventro-laterally to 
join the ascending NE and DA axons which then ascend in the medial forebrain bundle 
and in the septum and then caudally into the cingulum. It seems that the pathway radiate 
branches to the corpora geniculata and the thalamic nuclei. Lesion studies have shown that 
this pathway also innervate the cortex and the hippocampus. 
Ventral noradrenergic bundle (VNA) 
The cell groups which give rise to the VNA bundle comprise of Al, A2, A5, and A7 cell 
groups. These cell groups are seen in the medulla oblongata and the pons. The axons fi"om 
these cell bodies ascend in the mid brain reticular formation, turn ventromedially along 
the medial forebrain bundle. This system give rise to NE nerve terminals in the lower brain 
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stem, the mesencephalon and diencephalon In the medulla oblongata and the pons, the VNA 
and the DNA system overlap and contribute together to the terminal areas. However, in the 
mesencephalon and the diencephalon, the majority of NE nerve terminals seem to be 
derived from the ventral system The VNA bundle innervates the whole of hypothalamus 
and most notably, the nucleus dorso medialis hypothalamus, nucleus periventricularis, 
the area ventral to the fornix, nucleus paraventricularis, nucleus supraopticus and POA. 
Further, rostrally the ventral pathway supplies the terminals of the densely innervated 
nucleus interstialis stria and terminates in the ventral part (Ungerstedt, 1971) 
Superimposed on this complex pattern of inputs are the modulatory effects of gonadal 
hormones, which may not only influence the activity of the POA neurons directly, but also 
exert indirect effects through their action on cells that supply afferents to the nucleus. Thus, 
the POA may also play a unique role in integration of olfactory, visual, auditory and tactile 
sensory information together with the influence of circulating hormones may activate neural 
systems that underlie a number of other homeostatic flinctions (Larsson, 1979) 
NEURAL REGULATION OF SLEEP-WAKEFULNESS 
Various brain substrates are involved in the regulation of sleep-wakefialness These 
observations have been supported by neurophysiological, biochemical and pharmacological 
studies 
THE ROLE OF HYPOTHALAMUS IN SLEEP-WAKEFULNESS 
von Economo, (1918, 1929) was the first to call attention of physiologists to the 
involvement of rostral hypothalamus in sleep, on the basis of his observations in cases of 
encephalitis In studying the post-mortem material of a strange epidemic termed encephalitis 
lethargica, he described two symptomatic patterns of the disease associated with two 
different localizations of inflammatory lesions in the nervous system. In cases where 
somnolence and opthalmoplegy were distinguishing symptoms, the lesions were regularly 
found in the posterior wall of the third ventricle, continuing caudally to the level of the 
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occulomotor nucleus In contrast to this, there were other cases in which insomnia was 
observed in addition to chorea. Inflammation in these latter patients was found in the 
rostral hypothalamus, the tuberal region and the adjacent portion of the striatum From these 
observations, von Economo concluded that the rostral hypothalamic zone was a part of a 
"sleep regulating center" which, when appropriately excited, actively inhibited the thalamus 
and cerebral cortex and caused "brain sleep" He therefore concluded that the rostral 
hypothalamus is a "schlafsteuerungszentrum" or "sleep center" In 1936, Ingram 
reported that in cats a lesion between mamillary bodies and the third nerves, which involved 
the caudal hypothalamus and the upper part of the mesencephalic tegmentum, led to a 
state that resembled catalepsy 
The concept of an active sleep inducing mechanism in the central nervous system was 
finally given a sound experimental basis by Hess (1936) He perfected a method of 
stimulating the brains of unanesthetized, unrestrained cats. Using low frequency and low 
voltage stimulation to several forebrain sites, he reported sleep-like behaviour These 
included the ventral half of the massa intermedia in the thalamus, and the lateral anterior 
hypothalamus, including the preoptic and supraoptic hypothalamic areas The response 
elicited in the latter area was termed "adynamia", since it was characterized also by a fall in 
blood pressure and muscular plasticity 
Ranson (1939) demonstrated in rhesus monkeys, that bilateral lesions in the lateral 
hypothalamus which extended upto the mamillary bodies produced a lethargic syndrome. He 
reported that there was a lack of motor initiative and the symptoms were similar to those 
observed in catalepsy 
Nauta (1946) provided additional evidence for the involvement of hypothalamus in 
the regulation of sleep- wakefulness He made surgical transections across the base of 
the brain at various frontal planes in rats and observed the postoperative behaviour of 
these animals Transections placed in the posterior hypothalamus produced a state of 
persistent somnolence and thus led to the interpretation that a waking centre had been 
separated from the rest of the underlying brain When the transections were made at the 
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rostral half of the hypothalamus, particularly at suprachiasmatic level then complete 
insomnia was observed which was uncomplicated by hypothermia. Such a situation 
invariably led to a state of lethal exhaustion. Complete lateral transections, led to sleepless 
behaviour, which was found to be a continuation of relatively normal waking pattern. 
On the basis of the above observations, Nauta proposed that the rostral half of the 
hypothalamus, i.e. the area roughly enclosing the suprachiasmatic nucleus and the POA was 
responsible for what he called the "capacity of sleeping". He flirther suggested that the 
sleep cycle was a result of periodic decrease in the activity of the waking centre, brought 
about by periodic increase in discharge from the sleep centre in the rostral hypothalamus. 
Early stimulation studies performed by Stennan and Clemente (1962 a, b) on cats have shown 
that stimulation of the area at the base of the rostral hypothalamus resulted in an induction of 
both behaviour and EEG sleep. The behaviour elicited by this stimulation involved a 
series of specific events, including cessation of ongoing activity, selection of routine 
location in the cage and assuming normal sleep postures. The region effective in 
eliciting this response was anatomically mapped out and was found to include the anterior 
preoptic area and adjacent rostral and lateral basal telencephalic tissue. Collectively, this area 
is termed as the preoptic basal forebrain area (Sterman et al., 1964). Both low and high 
frequency stimulations of this region produce the same hypnogenic behavioural and EEG 
effects. 
Collins (1954) and French and Magoun (1952), showed that in monkeys large bilateral 
lesions involving the medial and lateral posterior hypothalamic areas, produce a profound 
and persistent somnolence. The same findings were confirmed in cats (Lindsely et al., 1950; 
Swett and Hobson, 1968) and in the rats (McGinty, 1969; Nauta, 1946; Shoham and 
Teitelbaum, 1982). The lesions which cause somnolence were accompanied by 
synchronized EEG waves. 
Thus, the above mentioned studies showed that the anterior hypothalamus and the POA are 
involved in the regulation of sleep, whereas the posterior hypothalamus brings about 
behavioural wakefulness. 
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ROLE OF PREOPTIC AREA IN SLEEP-WAKEFULNESS 
After von Economo's observations in 1929, several studies were carried out to elucidate the 
role played by the PGA in the regulation of sleep-wakefulness (S-W) function 
Lesion and brain section studies 
Nauta (1946) employing the knife cut lesion technique showed that after lesion of the 
POA area, the rats became insomniac, restless and irritable They reacted vigorously even 
to minor stimuli. Those rats which survived upto 13 days did not show a return to what he 
called the "capacity of sleeping" He showed that the POA is an important region for 
sleeping and he termed this area as "sleep centre" Nagel and Satinoff (1980) reported 
hyperactivity in rats after bilateral electrolytic lesion ofthemPOA Stermane/af/.,in 1964, 
confirmed Nauta's findings in cats This was based on behavioural observations as well as 
EEG recordings McGinty and Sterman (1968) reported that large bilateral preoptic lesions 
produced complete sleeplessness in cats Smaller lesions resulted in significant reduction in 
slow wave sleep (SWS) as well as paradoxical sleep (PS) The severity of sleep 
suppression was found to be related to the size and localization of lesion placed specifically 
within the POA (Lucas and Sterman, 1975) These lesions shortened the mean periodicity of 
the sleep awake cycle with decrease in SWS and no alteration in PS (Lucas and Sterman, 
1975) Lesions produced by neurotoxins such as kainic acid, which spares the fibres of 
passage in the medial and lateral PDA, reduce both SWS and PS (Szymuisiak et a/., 1986, 
John et al., 1994) Asala et a/.,in 1990, reported decrease in day time SWS in rats as a result of 
radio frequency lesion of mPOA This also disturbed the circadian distribution of sleep. 
Stimulation Studies 
Sterman and Clemente (1962b) on the basis of behavioural and electrophysiological 
observations reported that bilateral stimulation of the POA in unanaesthetised freely 
moving cats, produced sleep Low frequency stimulation was effective in inducing sleep 
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The effect of low frequency stimulation (5-25 cycles/sec) on induction of sleep was 
confirmed by Hernandez - Peon (1962), and Yamaguchi e? a/., (1963). These studies were 
also carried out in conscious cats. In addition, they showed that high frequency 
stimulation (200-300 cycles/sec) induced cortical EEG desynchronization and some signs 
indicative of behavioural arousal. Thus, it can be concluded that both sleep and arousal 
responses can be obtained from electrical stimulation of POA, depending upon the rate 
and site of stimulation. 
Local warming the POA produces sleep (Von Euler, 1964; Roberts and Robinson, 1969; 
Parmeggiani et al.,1974; Benedek et al.,1976). Sleep could be induced by radio frequency 
diathermic warming of the POA in cats and opossum (Roberts and Robinson, 1969). 
Cooling the POA produces huddled posture (Freeman and David, 1959). Low ambient 
temperature suppressed sleep and mild environmental warming enhanced sleep in normal rats 
(Szymusiak ^/a/., 1980, Szymusiak and Satinoff, 1984). Roberts and Robinson (1969) have 
suggested that the preoptic thermoreceptors may provide input to the preoptic sleep 
mechanism Stimulation of the central receptors by changing blood temperature is likely to 
be an important source of impulses driving the sleep inducing structures of basal 
forebrain (Morruzi, 1972). 
Later, Hernandez-Peon (1965) showed that application of ACh at the POA elicited EEG 
synchronization and sleep, whereas application of NE at the same site elicited EEG 
desynchronization and arousal in cats. The induction of arousal afler application of NE 
crystals in the POA was confirmed in cats by Yamaguchi et al., (1963). Garcio-Arraras 
and Pappenhermer (1983) demonstrated that microinjection of sleep promoting 
muramyl peptide in the same area promotes sleep. Application of 5-HT crystals in the POA 
produced drowsiness and SWS in freely moving rats (Yamaguchi et al.,1963) but Datta et 
^/.,(1987) showed that 5-HT application at the same site did not produce any change in S-W. 
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Single Unit Recording Studies 
Mallick et al. (1983) showed that a majority (55%) of neurons of POA showed 
alterations in their firing rate during transient changes in EEG. Among these, 62.5% 
showed increased firing during synchronization and the remaining (37.5%) showed 
increased firing during desynchronization of the EEG. Findlay and Hayward (1969) showed 
that the majority of the neurons in the hypothalamus, including the POA showed, an 
increase in their firing rates during sleep than during awake state in fi-eely moving rabbits. 
In cats, maximal discharge rate was obtained during SWS and REM sleep (Kaitin, 1984). A 
small percentage of neurons (10%) showed a maximal discharge rate during awake period. 
These observations, along with some of the results of the eariier stimulation studies could be 
taken to suggest that the POA is not only involved in both sleep but also plays some role in 
wakefialness. Alam et al., (1995) hypothesized that the thermosensitive neurons of the 
POAH exert control over the sleep-waking state via modulation of arousal and sleep 
regulating cells within the magnocelluar basal forebrain. 
It has been shown that PGD2 attenuated NA-induced inhibitory responses in four out of six 
sleep-active neurons and in one out of ten state-indiflferent neurons. PGD2 also attenuated 
NA-induced excitation in four waking-active neurons tested (Osaka and Hayaishi, 1995). 
Sherin et a/.,(1996) have shown that sleep-activated ventrolateral POA neurons 
innervate the tuberomammillary nucleus, a posterior hypothalamic cell group thought to 
participate in the modulation of arousal. Alam et a/.,(1995) hypothesized that the activation 
of sleep-related warm sensitive neurons and the deactivation of wake-related cold-sensitive 
neurons may play a key role in the onset and regulation of NREM sleep. Koyama and 
Hayaishi (1994) showed by their single unit studies that the POA and the anterior 
hypothalamic area (AHA) are involved, at least in rats, in the regulation of not only SWS 
but also PS. 
17 
Catecholamines and sleep-wakefulness 
In 1958, Scheving et a/.,showed that the concentration of endogenous NE in the different 
regions of the rat brain varies with the time of the day. This was also supported by 
observations in the cat brain (Reis et a/., 1968) Using labelled tyrosine, Zigmond and 
Wurtman (1970) showed in rats that newly synthesized catecholamine pool is larger during 
the day than at night. 
Manipulation of the Catecholaminergic system has been accomplished by a variety of 
methods to study its effects on SW 
1 Oral or systemic administration of catecholamines 
2 Destruction of catecholaminergic system 
3 Intraventricular administration of catecholamines 
4 Local intracerebral injection of catecholamines. 
1. Oral and systemic injection studies 
Early pharmacological studies to elucidate the role of CA in S-W were made by systemic 
injections of various drugs. Moderate doses of NE and adrenaline, injected in cats, 
produced arousal which was accompanied by an increase in peripheral sympathetic tone 
and blood pressure (Bonvallet, 1954, Dell, 1960) This activating effect of NE was 
abolished by transection or lesion of the mesencephalic reticular formation. On the basis of 
these observations, it was considered possible that the neurons of the reticular activating 
system were adrenergic. However Dell (1960, 1963) reported that adrenaline and NE do 
not cross the blood brain barrier in any significant amount except in the hypothalamus and a 
few places in the brain stem in the adult animals (Weill-Mall-Herbe, 1959). 
In chicken (not older than 28 days), whose blood brain barrier is permeable to CA, 
intravenous injection of adrenaline, NE and isoprenaline induced behavioural and 
electrocortical sleep, whereas NE injected directly into the brain, showed signs of 
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behavioural sedation without electrocortical synchronization (Marley and Key, 1963; 
Spooner and Winters, 1966, Marley and Stephenson, 1970) On the contrary, in adult 
chickens, the same drugs given intravenously, elicited arousal (Dewhurst and Marley, 1965). 
Bonvallet et ai, in 1953 showed that excitation of baroreceptors produced by 
increasing pressure in sino-aortic region, produced synchronization of the EEG. 
Hypertension produced by the above mentioned drugs could produce excitation of 
baroreceptors in the sino-aortic region, which would induce the synchronization of the 
EEG. Intravenous injection of methoxamine (ai agonist) caused a significant and dose 
related decrease in total sleep, which was antagonised by phenoxybenzamine (Pickworth et 
al.,\911) In rats, orally administered clonidine (a2 agonist) reduced waking time and 
increased light sleep with spindle activity (Kleinlogel etai, 1975) 
Intravenous injection of the same drug in rats, caused curling up and lying in sleeping 
posture, but the eyes remained open Short EEG samples revealed synchronized patterns 
with high voltage slow wave activity, (Holman et al.,\97\, Florio et al, 1975) a - Methyl-
P-Tyrosine (a - MPT) decreases cerebral CA by inhibiting the rate limiting enzyme tyrosine 
hydroxylase in the biosynthetic pathway of CA (Anden et ai, 1966). Due to this reason it is 
not tolerated well in chronic experiments. Systemic injection of MPT produced 
behavioural and EEG sleep. Such experiments were carried out in rats (Marantz and 
RechtschafFen, 1967, Torda, 1968, Branchey and Kissin, 1970), in monkey (Weitzman et 
al, 1969) in rabbits (Fujimori e^  a/., 1971) and in cats (Iskander and Kaelbling, 1970; 
King and Jewett, 1971). The common effect observed in all the species after injection of 
a - MPT was a decrease in behavioural and EEG activity. A state of sedation induced by 
a - MPT could be reversed by a subsequent injection of L-DOPA (Weissman and Koe, 
1965; Rech et al, 1966, Fuxe and Hanson, 1967; Hanson, 1967; Schoenfeld and Seiden, 
1969). Such a reversal by L-DOPA indicated that the effects produced by a - MPT 
were due to inhibition oftyrosinehydroxylase which resulted in a decrease in NE and DA. 
Tremorine, which enhances tyrosine hydroxylase activity, did not produce significant 
variation in SW (Ramm and Taub, 1980). In laboratory animals and in humans, administration 
of amphetamine, which increases the concentration of NE and DA at the post synaptic 
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site, shifts the balance towards increased wakefulness (Backeland, 1967, Gillin e/a/.,1975, 
Hartmann and Cravens, 1976) Disulfiram (an inhibitor of dopamine beta hydroxylase), 
reduces NE content and increases DA stores (Carlsson et ai, 1966, Goldstein and 
Nakajima, 1967, Lippman and Llyod, 1969) In cats, disulfiram reduces both waking and 
PS period (Dusan-Peyrethan and Froment, 1968) In mice and rats, disulfiram has a 
sedative effect on behaviour (Moore, 1969, Roll, 1970) Inhibitors of monoamine oxidase 
(nialamide) increases CA concentration and are associated with the accumulation of NE and 
an almost permanent arousal in rabbits and rats (Costa et ai, 1960, Mouret et ai, 1968) If 
DOPA is injected together with MAO, which produces a fijrther increase in CA, it 
induces an intense excitement with long lasting cortical activation in cats (Jones et al, 
1973) and rabbits (Monnier and Graber, 1963) 
2. Destruction of Catecholaminergic system 
Jones e? a/. (1973) reported that electrolytic lesions ofDNA and the anterior extension of 
the pontine NE group A6 (anterior nucleus of locus coeruleus) produced a significant 
decrease in electro-cortical waking If the nebular complex and mesencephalon were 
lesioned, decreased waking was observed This decrease in waking was more severe as 
compared to that produced by DNA lesion Jones et al. (1973) suggested that waking may 
be tonically mediated by a highly diffused NE system which consists of several groups of NE 
cell bodies in the pons and medulla which send projections throughout the brain Such a 
system would permit the control of entire brain by a few cells which are localized in the brain 
stem These cells would be subjected to the control by sensory and other inputs and that 
could in turn control the entire brain by their diffuse projections These characteristics might 
fit well in the concept of a diffuse activating system 
In rats, lesions of DNA by 6-OHDA resulted in a decrease in wakefiilness with an increase in 
SWS An increase in quiet wakefiilness was observed in VNA lesioned rats with 6-OHDA 
(Kumar e? a/., 1993) PS was not altered significantly (Lindbrink and Fuxe, 1973) Lidbrink 
(1973) has also reported that an acute transient decrease in EEG wakefiilness and increase 
in SWS after DNA lesions In yet another study in 1974, Lindbrink showed that after DNA 
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lesion the electrocortical activity during behavioural wakefulness (quiet wakefulness) 
consisted of synchronized slow waves to a much greater extent than was found in intact 
animals. 
Panksepp et al. (1973) reported the effects of 6-OHDA induced VNA lesions in cats. 
The acute effects were a shift towards electrocortical arousal, although the long term 
changes were just the reverse. Deep SWS and REM sleep were increased while quiet 
waking and light SWS were decreased. However, the authors did not rule out the spread of 
damage to the DNA 
3. Intraventricular administration 
Bukkard e/a/.,(1969) injected 6-OHDA in the ventricles in rats. No change in S-W or the 
behaviour of the animal was reported. Laguzzi et al., (1972) reported increased 
synchronization and decrease in PS after a similar treatment in cats. This kind of study 
seems unsuitable due to the lack of anatomical dimensions of the lesions. 
Direct intraventricular injection of NE in cats produced a state of prolonged wakefiilness, 
most often accompanied by increased motor activity (Cordeau e^  a/., 1971). Intraventricular 
infusion of NE in unrestrained rats also lead to an increase in behavioural arousal and 
spontaneous motor activity (Segal and Mandell, 1970, Geyer et al., 1972; Smee et al,1975). 
Intraventricular infusion of methoxamine in rats provoked a persistent and dose related 
behavioural arousal, comparable to that elicited by NE (Segal and Geyer, 1976) but 
prazosin, an ai antagonist, which binds specifically to ai adrenoceptors in rat brain 
(Miach et al., 1980) moderately decreased waking, although non-rapid eye movement 
(NREM) sleep was not ahered (Hilakivi et al, 1980). 
Clonidine produced curiing up and sleeping posture in rats, but their eyes remained open. 
Short EEG samples revealed synchronized pattern with high vohage slow wave activity 
(Holman et a/., 1971, Florio et a/., 1975). Sedation and decreased motor activity similar to 
that caused by clonidine also occurred in freely moving rats following intraventricular 
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injection of xylazine and naphazoline. These effects were antagonized by phentoiamine 
and yohimbine (Drew et ai, 1979) 
The results of intraventricular studies are very difficult to interpret, as minute amounts of 
labelled CA have shown to have been taken up by non-CA neurons (Lichtensteiger 
and Lageman, 1966; Fuxe and Ungerstedt, 1968; Fuxe et al., 1968). Thus, it is likely 
that in some cases NE might have induced some response upon non-CA neurons. 
4. Local intracerebral injection 
Bilateral infusion of NE, epinephrine or phenyleprine into the pontine and mesencephalic 
reticular formation of cat in encaphale isole preparation produced electrocortical 
desynchronization and behavioural arousal. When high concentration of these 
substances were used, the tonic electrocortical desynchronization was replaced by a 
pattern of slow wave activity (Key, 1975) 
Injection of NE (3 \xg) at the mPOA produced arousal in sleeping rats which lasted for 
more than 60 min (Kumar et a/., 1984, 1986). This arousal resembled normal arousal. 
Blockade of adrenergic receptors by phentoiamine and phenoxybenzamine (which blocks 
both a I and a i receptors) did not result in significant changes in waking time, although 
the animals appeared behaviourally sedated (Putkonen and Leppavuori, 1977; Hartman and 
Zwilling, 1976). Injection of alpha blocker, phenoxybenzamine, at mPOA produced sleep in 
awake animals whereas propranolol (beta blocker) was ineffective (Kumar et at., 1984, 
1986). Beta adrenoceptor blockers propranolol and ICI 118551 when administered 
peripherally produce an increase in SWS (Dehlinger et at., 1981; Reiner et a/., 1986 and 
reduction in PS (Remer et ai, 1986; Ongini et a/., 1991). Though the beta blocker given 
locally at the mPOA did not change S-W, beta agonist, isoproterenol induced 
wakefulness when injected into the mPOA (Sood et at., 1997). In addition to alpha 
receptors, beta receptors may also be involved in the regulation of sleep-wakeful 
function. 
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In cats, administration of clonidine and xylazine decreased deep NREM sleep and increased 
light sleep and drowsiness (Putkonen et al.,1977, Putkonan, 1974; Leppauuori and 
Putkonen, 1980) In rats, clonidine was reported to have induced sleep, whereas yohimbine 
(a2 antagonist) induced arousal (Mallick and Alam 1992). On the other hand, simultaneous 
observation of behaviour along with the electrophysiological parameters, have shown that 
clonidine application into the mPOA in rats induced arousal, whereas yohimbine induced 
sleep (Ramesh et al., 1995) Injection of methoxamine which is an ai agonist induced 
arousal whereas as prazosin (ai antagonist) induced sleep when administered at the 
mPOA a - methyl-dopa which is metabolized to a - methyl NE, markedly decreased 
REM sleep and increased NREM sleep in kittens at birth (Saucier and Astic, 1975). In 
cats, it augments light sleep at the cost of arousal (Leppvuori and Putkonen, 1978, 1980). 
a -methyl-NE also depresses NE transmission by a direct stimulatory action on a2 
adrenoceptor 
Carbachol, a cholinergic agonist, when applied at the mPOA, produced a fall in rectal 
temperature and induced an injection bound long lasting arousal (Talwar et al., 1994; 
Mallick and Joseph, 1997) while scopolamine induced sleep accompanied by an increase in 
body temperature (Mallick and Joseph, 1997) Imeri et al., (1995) have shown that carbachol 
microinjection into the mPOA can activate an arousal-generating system and affect 
thermoregulatory mechanism, and sleep and temperature responses may be dissociated. 
Administration of GABA at the mPOA did not produce any significant alteration in S-W 
(Charie/a/.,1995). 
Prostaglandin is known to produce an increase in SWS and REM in rats and other 
mammalian species (Inoue, 1989; Hayaishi, 1991). Prostaglandin D2 (PGD2) is present in 
the rat brain (Abdul-Halim et a/., 1977) in high concentration especially in the 
hypothalamus Ueno etal. (1982) reported that PGD2 application into the POA of 
conscious rats increased SWS On the other hand, PGE2 produced arousal in rats 
(Matsumura et al, 1988; 1989) It has been suggested that the POA histaminergic 
innervation is involved in the control of S-W and that their action might be mediated via both 
HI and H2 receptors (Lin et ai, 1986) 
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Role of glutathione and uridine in the regulation of sleep is also reported in rats (Honda et 
a/., 1993; Inoue et ai, 1993). Intracerebral injection of melatonin into the POA has been 
shown to increase EEG synchronization in cats (Marezynski et al.,1964) and SWS and 
REM sleep in rats (Holmes and Sugden, 1982). Pentobarbital when microinjected into 
the mPOA it significantly decreased sleep latency and increased NREM and total sleep 
(Mendelson, 1996). On the basis of these observations it was suggested that the mPOA may 
be involved in sleep induction by both benzodiazepine and barbiturate hypnotic medications. 
Progesterone has also been reported to induce sleep, when applied directly into the rostral 
POA or basal forebrain area in cats whereas no change was observed when it was injected 
into the caudal or lateral regions (Heuser et ai, 1967). 
Application of NE into the mPOA after destruction of presynaptic NE receptors 
produced sleep, whereas in normal rats it produced wakefulness (Kumar et a/., 1993). In 
these studies the sleep produced could be due to the activation of postsynaptic receptors 
by the externally applied NE since the presynaptic receptors are already destroyed. 
Therefore, it was suggested that the arousal produced by NE application in the mPOA was 
due to its action on auto receptors, thereby inhibiting the release of endogenous NE. 
Endogenous sleep inducing substances (Borbely and Tobler, 1980; Inoue, 1989) are also 
known to play a role in the regulation of sleep. Studies have shown the involvement of 
sleep inducing substances in the POA in sleep (Ueno et ai, 1982; Matsumura e/a/., 1988, 
1989). Azuma et a/. (1996) showed that glutamate in the mPOA is dynamically involved in 
the alterations of the vigilance states. 
ROLE OF BRAIN STEM IN SLEEP-WAKEFULNESS 
Transectional Studies 
To elucidate the role of brain stem in S-W, Bremer (1973, 1975), surgically transected the 
brain stem of the cat at different levels and observed the effects on "brain waves" and pupil 
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size When the transaction was at the level of mid brain (cerveau isole' preparation) the 
EEG consisted of high amplitude and low frequency The pupils were constricted. These 
responses were the same as those recorded from the intact sleeping cat When the 
transection was at the junction of the medulla and spinal cord (encephale isole preparation), 
the EEG consisted of low amplitude and high frequency The pupils were dilated as in the 
intact awake cat Bremer proposed that most of the sensory input to the forebrain was 
disrupted in the cerveau isole' preparation, and the forebrain remained asleep, whereas in 
the encephale isole preparation, sufficient mput through the sensory nerves maintained 
arousal and wakefulness He concluded that sleep was a passive process that occurred when 
the level of sensory input fell below a certain predetermined level Batini and co-workers 
(1958, 1959) observed desynchronization of the EEG and sustained behavioural wakefulness 
following brain stem transection at the midpontme level, just rostral to the tngeminal nerve 
nucleus These animals showed a marked reduction in the occurrence of sleep following 
brain stem transection The results were interpreted by them as evidence for a 
synchronizing structure or sleep-inducing mechanism in the lower brain stem 
Stimulation Studies 
Moruzzi and Magoun (1949) demonstrated the role of reticular activating system of the 
brain stem Electrical stimulation of the brain stem reticular formation of 
anesthetized or sleeping cats produced desynchronized EEG pattern similar to that recorded 
from an awake animal Upon lesioning the reticular formation, an EEG pattern typical of a 
sleeping animal was observed in addition to somnolence (Morruzi and Magoun 1949) When 
the ascending sensory pathways in the brainstem were destroyed leaving the reticular 
* formation intact, the cats were awake and alert, and a desynchronized EEG pattern was 
recorded 
In freely moving animals, reticular formation stimulation in naturally sleeping 
or lightly sedated animals induced not only EEG arousal but also behavioural 
awakening followed by a whole range of enhanced motor activities including the orienting 
response In addition, ergotropic vegetative reactions such as mydriasis and accelerated 
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heart rate were observed. These and other findings have led to the estabHshment of the 
concept of ascending, diffusely projecting reticular activating system. 
Moruzzi and Magoun (1949) on the basis of the above observation suggested that 
cortical arousal and wakefulness did not depend on the sensory pathways as suggested by 
Bremer. They said that arousal was produced by elimination of the 'waking 
influence' of the reticular activating system, essentially supporting the view that sleep is a 
passive process. According to them the ascending reticular activating system lies parallel 
with, and receives collateral input from, the afferent systems. It then tunes appropriately the 
on going excitability level of the cells of the cerebral cortex, the basal ganglia, and the 
forebrain structures. They also showed that the arousal effects could be produced by 
stimulation of the region extending upwards from the bulbar reticular formation to the 
mesodiencephalic junction (Moruzzi and Magoun, 1949). 
Electrical stimulation of localized region in the solitary tract in the medulla produced 
synchronization of the EEG and behavioural sleep (Magnes et ai, 1961). High 
frequency stimulation of the solitary tract produced arousal (Magnes et al., 1961). Low 
rate stimulation of the reticular formation at the mesencephalic level is liable to have EEG 
synchronizing effects, and if applied repeatedly, do induce sleep including some of its 
autonomic signs (Favale et a/., 1961; Procter et al., 1957). Kumar et a/., (1985) have 
localized the synchronizing structures at the nucleus gigantocellularis at the caudal brain 
stem. 
Moruzzi (1972) in his review concluded that the level or critical pattern of cerebral activity 
is controlled by the brain stem. A tonic ascending flow of reticular impulses would be 
responsible for the state of wakefulness, its complete or almost complete interruption would 
lead to a state of coma, while finally a temporary slackening of the tonic reticular 
discharge might be responsible for the onset and the maintenance of natural sleep. A high level 
of reticular activity is defined as the one which leads to an organization of encephalic 
activities which mediates an alert behaviour. The level of reticular activity was assumed to 
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be higher during wakefulness than during sleep because the level of activation of the 
waking brain is higher (Moruzzi 1972). 
Single Unit Recording Studies 
The mesencephalic reticular formation neurons tonically increase their firing rates during 
epochs of behavioural states associated with EEG activation (wakefialness and paradoxical 
sleep), compared to synchronized sleep. Majority of these neurons are found at the 
ventral levels of the reticular core (rostrally projecting neurons are among these 
elements). Movements contribute to further increase in discharge rates of the neurons of 
the mesencephalic reticular formation (Steriade et a/., 1982). Paramedian pontine reticular 
neurons of cat with head restrained, fire at a mean rate of 1/sec in the wakeful state, did 
not significantly change in synchronized sleep and reached their highest rates in 
desynchronized sleep. Hobson et a/.,(1974a) and Vertes (1979) reported high levels of 
discharge in the pontine reticular neurons in freely moving rats during quiet 
wakefialness in 16% of the neurons studied. Similar results were reported in freely moving 
cats (Siegel e/a/., 1977) showing that pontine neurons reached maximum discharge rates 
of 2/sec during wakefulness without movement. On the contrary, it was shown that 85% 
of the pontine reticular neurons discharged only during movements in waking and during 
rapid eye movements in PS (Siegel et ai, 1979). 
The phasic or clustered discharge pattern of pontine reticular neurons (McCarley and 
Hobson, 1975) infer that these elements are involved in tonic ascending activation process. 
On the other hand, they seem to be related to phasic motor phenomenon during 
* wakefulness and desynchronized sleep. In contrast, mesencephalic reticular neurons are 
characterized by tonic discharge patterns associated with high discharge rates. Medullary 
reticular cells, like pontine units discharge in relation to specific movements or to 
maintain postures (Siegel and McGinty, 1977; Siegel t?/a/., 1977). Their low discharge 
rates in quiet waking and slow wave sleep (SWS) and elevated discharge rates both during 
active waking and PS is also similar to that seen in adjoining pontine reticular region 
(Siegel, 1979). 
27 
Intracellular recordings of medial pontine reticular formation neurons in behaving cats 
show that excitability of these neurons is greater in PS than in waking or synchronized 
sleep. There are phases of depolarization which are seen in a background of tonic 
depolarization. In SWS and waking, this background tonic membrane potential is more 
negative than in PS. During wakefulness phasic depolarizations associated with motor 
activity was observed (Ito and McCarley, 1984). 
Monoaminergic neurons, both locus coeruleus NE neurons (Anston-Jones and Bloom, 
1981) and dorsal raphe serotonergic neurons (Trulson and Jacobs, 1979) decrease their 
firing rate fi^om SWS to PS. During waking, discharge is regular and tonic, but during 
the initial stages of SWS, the firing rate of these cells slow down slightly. During transition 
to PS, discharge in both serotonergic and noradrenergic cells slows dramatically (Seigel, 
1989). During PS these cells have their lowest discharge rates and many are completely 
silent (Hobson etai, 1975; McGinty and Harper, 1976). 
Dopaminergic neurons (A9 and A10) showed no change in firing rates across the sleep/awake 
stage in mildly sleep deprived rats (Miller et al., 1983). But the non-DA neurons of the 
zona reticular and the ventral tegmental area exhibit large increase in firing rate during PS 
as compared to SWS and active wakefiilness as compared to quiet wakefialness. In 
addition to the change in firing rate of these neurons during PS and active awake stage, the 
rapidity of the EMG activity imply an important role of these cells in motor fiinction and 
perhaps, in the control of eye movement related phenomenon (Miller et al., 1983). 
Anatomical support for such a role comes from the observation that zona reticulata 
neurons project to regions intimately involved in the control of behavioural arousal (dorsal 
reticular formation), locomotion (ventromedial thalamus) and usually guided movement 
(superior colliculus) (Beckstead et al., 1979). 
Mesencephalic neurons show significant rise in the frequency of firing before synchronized 
EEG changes to that of awake type. Such precursor signs of change is not found in all 
mesencephalic neurons (Steriade et a/., 1982). According to them, the existence of such 
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neurons suggests that the increased excitability in some mesencephaHc reticular 
elements eventually leads to recruitment of other neurons in the midbrain core that finally 
play a leading role in the process of EEG activation. Such a progressive recruitment 
might explain, at least partially, the long delay between the increase in discharge in 
mesencephalic reticular units and EEG desynchronization (Steriade et al., 1982). 
It is thought that cells receiving multiple excitatory inputs and rostrally projecting 
mesencephalic reticular cells with high discharge rates are involved in tonic activation 
processes related to EEG desynchronization during wakefulness and PS. In addition, 
rostrally projecting bulbar reticular neurons may also be involved in this process (Steriade 
et al, 1982). Paramedian pontine reticular neurons are mostly involved in somatic and 
phasic eye movements during PS and during wakeflilness (Hobson et a/., 1974b; 
McCariey and Hobson, 1975; Siegel et al., 1977). 
ROLE OF THALAMUS IN SLEEP-WAKEFULNESS 
Low rate stimulation of midline thalamus, mainly the intralaminar nuclei, in cats and dogs 
elicits sleep (Hess, 1944; Akert et al, 1952; Hess et a/., 1953; Akimoto et al, 1956). 
Thalamic stimulation induced a synchronized EEG pattern and behavioural sleep. Sleep-
wake cycle was still present after complete thalamectomy, although EEG spindles were 
absent during behavioural sleep (Naquet et al, 1956). Extensive chronic lesions, in 
cats, of the midline non-specific nuclei of the thalamus produced no change in the 
distribution of wakefiilness and sleep both with and without EEG synchronization. 
Moruzzi (1972) concluded that sleep can be triggered by electrical stimulation of 
thalamus. In other words, electrically induced volleys, arising in the midline thalamic 
nuclei, activate the neural patterns responsible for sleep behaviour. In particular, the 
intralaminar and centro median nuclei are thought to be responsible for sleep behaviour 
(Koella, 1984). Low frequency stimulation of these areas is an effective means of inducing 
sleep which outlasts the stimulation by 1-2 orders of magnitude, and which induces all stages 
and phases of sleep (Koella, 1984). On the other hand, high frequency stimulation produces a 
cortical arousal pattern similar to the one elicited by classical reticular stimulation. It 
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can be concluded that vigilance enhancing structures are also present in the reticular region 
of dorsal diencephalon Thus, lesions in the region of midline thalamus not only destroy 
the local hypnogenic networks, but also do interrupt parts of the arousal machinery (Koella, 
1984) 
OTHER BRAIN SUBSTRATES AND SLEEP-WAKEFULNESS 
High and low frequency stimulation of the basal forebrain induces SWS which is followed 
by PS (Sterman and Clemente, 1962b) Lesions produced in these areas resulted in 
profound suppression of sleep (McGinty and Sterman, 1968) Low rate stimulation of 
the fornix, of the hippocampal region and the region of the solitary tract nucleus induces at 
least isolated signs of sleep (Magnus et al, 1961, Parmeggiani 1962) 
Cerebellar mfluences on the SWS mechanisms have been indicated after fastigial lesions 
(Giannazzo et al., 1969), midline cerebellar peduncle lesions and stimulation (Raflfaele et 
ai, 1971) and after superior cerebellar peduncle and cerebellar cortex lesions (Garcia-
Uria, 1978, De Andres and Reinoso-Suarez, 1979) 
Low frequency stimulation of the cerebral cortex produces EEG synchronization 
(Penaloga-Rojas et a/., 1964) Studies of single cortical neurons in unanesthetized animals 
have shown that during transition from wakefulness to drowsiness to SWS, the large 
majority of cortical neurons slow their rate of discharge, whereas large cells, as those from 
which pyramidal tract fibers originate, may accelerate firing (Hobson and McCarley, 1971). In 
the transition from SWS sleep to PS, almost all cortical neuron increase their discharge rates 
to levels even higher than those to quiet wakefiilness (McCarley and Hobson, 1971) 
It is believed that reciprocal interaction exists between basal forebrain sleep mechanisms 
and portions of mesencephalic reticular formation and midline thalamus, structures involved 
m the control of arousal This has been concluded on the basis of behavioural studies 
(Sterman and Clemente, 1962a, b), neurophysiological studies (Bremer, 1973, Siegel and 
Wang, 1974, Aleem et ai, 1986) and anatomical studies (Sapawi and Diwac, 1978; 
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Swanson, 1976; Swanson e/a/.,1984). A lot of workers have demonstrated monosynaptic 
projections from the basal forebrain to neocortex (Irle and Markowitsch, 1984; Jones et 
al.,1976, Mesulam et a/., 1983; Wainer et a/., 1984). This suggests a possibility that sleep 
activating neurons directly modulate arousal and cortical excitability via actions at the 
brainstem, thalamus and cortical levels. It seems that the basal forebrain is the only site 
where stimulation, lesion and unit recordings yield results consistent with the presence of 
an active hypnogenic mechanisms (Szymusiak and McGinty, 1986). 
EFECT OF 6-OHDA LESION ON SLEEP-WAKEFULNESS 
Biochemical Alterations 
Bloom et al. (1969) showed that the destructive effects of 6-OHDA are confined to 
catecholaminergic neurons and are reflected by a selective reduction in the content of NE and 
DA (Uretsky and Iversen, 1969, 1970; Breese and Traylor, 1970; Laverty and Traylor, 
1970). The effect might be due to decrease in the levels of enzymes tyrosine hydroxylase 
(Uretsky and Iversen, 1970; Breese and Traylor, 1970, 1971;) and dopamine beta 
hydroxylase (Rees and Malinof, 1972). It was also shown that the content of gamma 
aminobutyric acid remains virtually unchanged (Burkard et a/., 1969; Uretsky and Iversen, 
1970; Breese and Traylor, 1970). 
It has been shown that 6-OHDA exerts varying degree of effects in different regions of 
the brain if injected intraventricularly (Bloom et al.,\969\ Uretsky and Iversen, 1970; 
Iversen and Uretsky, 1970). This difference might be due to the distance between the 
* particular brain site and the ventricle. But this cannot be a likely explanation since Bloom 
(1971) reported that NE depletion is more in spinal cord than in the medulla and pons. Such 
a finding was also reported by Iversen (1970) earlier. Such a difference might be due to 
richness of cell bodies as they are generally less susceptible than the nerve terminals. 
The membrane of catecholamine nerve terminals has been shown to possess a specific 
uptake mechanism for exogenous catecholamines (Iversen, 1967), and this is a further 
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evidence, that degeneration of these nerve terminals takes place (Uretsky and Iversen, 1970). 
Ahlskog (1974) reported that the injection of 6-OHDA into the POA in doses ranging from 
0.1 [ig 1.6 i^ g, resulted in a dose dependent depletion of NE and DA. Also, the injection 
of 8 ng of 6-OHDA at VNA bundle bundle resulted in reduction of forebrain NE to less 
than 10% of sham level. No change in serotonin levels were reported. 
Morphological effects 
Generally speaking, the noradrenergic cell bodies seem to be more susceptible to 6-OHDA 
than dopaminergic ones although there might be marked regional differences (Bloom et 
a/., 1969; Uretsky and Iversen, 1970; Iversen and Uretsky , 1970). Fluorescence 
microscopic studies, have revealed that after large doses of 6-OHDA the specific 
fluorescence of NE and dopamine terminals disappears permanently, i.e. upto two years after 
administration of 6-OHDA, whereas the fluorescence of the serotonergic neurons remains 
unaffected (Bloom 1971). But Ungerstedt (1971 b) showed that dopaminergic cell bodies 
in the hypothalamus are not affected, even after local injection of very high doses of 6-
OHDA. 
In the central nervous system, the destroyed nerve endings show no tendency for 
regeneration over an observation period upto 2 years (Ungerstedt 1971 a). Tranzer and 
Richards, (1971) on the basis of morphological studies proposed that in adult animals the 
cell bodies of peripheral adrenergic neurons, seem to be very resistant to the destructive 
effects of 6-OHDA. In the central nervous system in addition to marked regional differences 
in the actions, there are differences in the time course of its action as well. The delayed 
changes seem to result from retrograde degeneration whereas rapidly occurring changes 
are attributed to the uptake of 6-OHDA at the level of the perikaryon (Descarries and Saucier, 
1972). 
The high susceptibility of noradrenergic nerve terminals provides an opportunity for their 
selective destruction, leaving the dopaminergic terminals by and large intact (Iversen and 
Uretsky, 1970; Thoenen and Tranzer, 1973) ahhough destruction of dopaminergic neurons 
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cannot be ailed out completely (Bloom et al 1969, Uretsky and Ivemsen, 1969, 1970, 
Breese and Traylor, 1970) 
Behavioural alterations 
Iversen and Uretsky, 1970, Evetts et al., 1970, Nakamura and Thoenen, 1972, Traylor and 
Laverty, 1972 showed that during the first few hours afl;er intraventricular administration of 
6-OHDA, rats are sedated and resemble to some extent, animals treated with reserpine. 
These behavioural changes are accompanied by a marked hypothermia (Simmond and 
Uretsky, 1970, Breese and Howard, 1971, Nakamura and Thoenen, 1971,) most probably 
resulting fi^om the liberation of endogenous NE fi-om destroyed terminals and their action 
on a -adrenergic receptors (Nakamura and Thoenen, 1971) This hypothermia of 3-4°C lasts 
for a few hours only and is confined to the first injection of 6-OHDA (Nakamura and 
Thoenen, 1971) Injection of 16 |j,g of 6- OHDA causes a reduction in the body temperature 
by 0 8°C (Evetts et al., 1972) 
Another behavioural change observed afl;er intraventricular injection of 6-OHDA is, the 
increased irritability of rats from being handled (Evetts et a/., 1970, Nakamura and 
Thoenen, 1972, Eichelmann et al.,\972) Although this effect is present, after a single dose 
of 250 |ig, it becomes more pronounced after fiirther doses of 6-OHDA There is a 
significant correlation between the degree of increased irritability and the NE reduction in 
brain stem Such a behaviour persists for more than 12 months, the longest observation 
period so far (Nakamura and Thoenen, 1972) 
Injection of 0 01 - 8 |ig 6-OHDA in to the preoptic area have not been reported to 
produce any change in the behaviour of the animal except an increase in eating and drinking 
during the 6 hour observation period Although later studies showed that injection of 8 
|ig 6-OHDA into the mPOA increase quiet wakefiilness (Evetts e/a/., 1970) In cats, 
injection of 6-OHDA in the VNA produced an increase in SWS and PS sleep, ahhough in 
this particular study damage to DNA could not be ruled out (Panskepp et al., 1970) In 
rats, quiet wakefiilness increased after the same procedure (Kumar et al., 1993) 
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SLEEP DEPRIVATION 
Human Studies 
Sleep deprivation (SD), whether in shift workers or in travellers who cross several time 
zones, impairs the ability to fUnction optimally (Chokroverty, 1994). 
Total Sleep Deprivation 
One of the early experiments in SD was conducted by Patrik and Gilbert in 1896, who 
studied the eflfects of a 90-hour period of SD on three healthy young men. One of them 
reported sensory illusions, which disappeared completely when at the end of experiment 
he was allowed to sleep for 10 1/2 hours. All subjects had difficulty staying awake, but 
they felt totally fresh and rested after they were allowed to sleep. 
A spectacular experiment in this century was conducted by Dement (1965). A 17 year old 
California college student named Randy Gardner tried to set a new world record for staying 
awake. Dement and associates observed him during the later part of the experiment. He 
went 264 hours and 12 minutes without sleep and then slept 14 hours and 40 minutes. On 
waking, he recovered fiiUy. Thus, the conclusion of the experiment is that it is possible to 
deprive people of sleep for a prolonged period without causing serious mental 
impairment. An important observation is the loss of performance with long SD, and this is 
due to the loss of motivation-and the frequent occurrence ofmicrosleep. 
In another experiment, Johnson and MacLeod (1973) showed that it is possible to reduce 
intentionally the total amount of sleeping time by 1 to 2 hours without suffering any 
adverse effect. Recent experiment by Carskadon and Dement (1979,1981) showed that SD 
increases the daytime tendency to sleep. This has been conclusively proven by the muhiple 
sleep latency test in such subjects (Carskadon and Dement, 1981; Dement and Carskadon, 
1981). 
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Following SD, during the recovery sleep period, the percentage of deep SWS (stages 
III and IV NREM) increases considerably (Borbely, 1984). Similarly, after a long period of 
SD, the REM sleep percentage increases during the recovery sleep. This increase was not 
shown after short period of SD, upto 4 days (Borbely, 1984). Thus, these experiments 
suggest that different mechanisms regulate NREM and REM sleep. Some recent studies have 
however showed that SD has some serious detrimental effects on the health of humans. 
Dewasmes and co-workers (1994) hypothesized through their studies on local sweating 
responses that SD upto 40 h alters the functioning of the central nervous system controller. It 
is also postulated that the SD induced changes in EEG activities may be related to reduced 
activating input to thalamo-cortical and cortical neurons, local facilitation of their 
hyperpolarization or facilitation of their synchronization (Dijk, 1995). Irwin et al. (1996) 
showed after SD a reduction of natural immune response as measured by natural killer cell 
activity. They also showed suppression in IL-2 production. Another study suggests that 
SD may adversely affect glucose tolerance (Scheen et al., 1996). It has also been suggested 
that sleep loss or Total Sleep Deprivation (TSD) often precedes and may trigger a maniac 
episode in man (Gessa, 1995). 
Measurements of mood and performance after partial SD (e.g. restricting sleep to 4.5 to 5.5. 
hours for 2 to 3 months) showed minimal deficits in performance, which may have been 
related to decreased motivation. 
Thus, apart from the effects described above both TSD and partial SD produced minimal 
deleterious effects in humans (Webb, 1974; Friedmann, 1977; Borbely, 1984; Anch et 
a/., 1988). 
Selective REM Sleep Deprivation 
Dement (1960) performed REM sleep deprivation (RSD) experiments by awakening 
the person for 5 minutes at the moment the polysomnographic (PSG) recording 
demonstrated onset of REM sleep. PSG showed increased REM pressure (i.e., earlier and 
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more frequent onset of REM sleep during successive nights) and REM rebound (i.e., 
quantitative increase of REM percentage during recovery nights). These findings were 
subsequently replicated by Borbely (1984) and others (Kales et al.,1964; Agnew et ai, 
1967) but Dement's third observation - a psychotic reaction following RSD - have not 
been substantiated by subsequent investigations (Kales et a/., 1964). According to some 
REM sleep deficit may explain the progression and/ or the acceleration of memory loss in 
Alzheimer's disease (Christos, 1993). 
Stage IV Sleep Deprivation 
Agnew and co-workers (1964) reported that following stage IV NREM SD for two 
consecutive nights there was an increase in stage IV sleep during the recovery night. They 
made two important observations in their subsequent report. (1) REM rebound was more 
significant than stage IV rebound during recovery nights, and (2) it was more difficult to 
deprive a person of stage IV than of REM sleep (Agnew et ai, 1967). 
Animal studies 
Studies conducted on animals have shown that the SD is much more detrimental to its 
health than humans. Everson (1995) commented that, in the rats, the course of prolonged 
SD has a syndromic nature and eventuates in a life threatening state. He also stated that 
effects of SD on cerebral structures are heterogeneous and unidirectional towards 
decreased functional activity He also showed that host defense is the first system to fail and 
the SD is immunosuppressive. Prolonged TSD will cause metabolic dysfunction and 
ultimately leads to death. In addition, there are many other effects observed after SD. 
Total Sleep Deprivation 
Adenosine is an endogenous mediator of SD induced increase in EEG slow-wave activity 
(Benington, 1995) Neuner-Jehle et al (1995) have shown decrease in the mRNA level of 
the 17-kDa protein neurogranin, a postsynaptic substrate of the protein kinase C, in the 
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rat fore brain after 24 h SD Significant elevation of the CSF level of PGD2 was observed 
following SD (Ram et al., 1997) Noradrenergic system of the locus coeruleus is a relevant 
component of the sleep rebound mechanisms in selective method of SD (Gonzalez et 
a/., 1996) After lesioning of the Noradrenergic-locus coeruleus system by DSP-4, these 
animals which were subjected to water-tank SD method, showed a significant decrease 
in the paradoxical and SWS rebounds 
In the rat fore brain, dendrin expression is altered after an extended period of wakefiilness. 
24 h of SD decrease the mRNA and protein concentration of both variants (81 kD and 89 
kD) in subcortical forebrain areas (Neuner-Jehle et al., 1996) Feng and co-workers (1995) 
have shown that during TSD, POAH (lesioned) and its normal control (unlesioned) rats 
showed similar progressive increase in energy expenditure, but the lesioned rats showed 
earlier, steeper and eventually greater declines in intraperitoneal and hypothalamic 
temperature Drinkenburg et al (1995) showed an initial increase in epileptic activity during 
sleep deprivation in rats When 20 |^ g anti-IL-1 beta were injected 
intracerebroventricularly during the SD period, the NREM sleep rebound was completely 
blocked (Opp and PCrueger, 1994) Feinberg and Campbell (1993) have shown that after 
TSD the rat exhibited a depressed rate of delta production (the "negative delta rebound"). 
REM Sleep Deprivation 
RSD has been reported to enhance "drive"- related behaviours, like increase in 
appetite, sexual behaviour, aggressiveness and locomotor activity (Sandyk et al.,1992; 
Yerma etal., 1989; Bhanot e/a/.,1989) RSD for 12-24 h in rats significantly increased the 
levels of glutamate and glutamine (Bettendorf, 1996). Brock et a/.(1995) have shown that 
RSD of rats resuhed in facilitation of dopaminergic behaviour and an increase in striatal D2 
receptor density RSD alter monoamine neurotransmitters in different locations in rat brain 
(Farooqui et al, 1996) After 24 h RSD there was a decrease in NE concentration 
(Porkka-Heiskanen et a/., 1995) They also showed that specific SD increases TH gene 
expression indicating an important mechanism of adjusting to SD. Nunes-Junior et ai (1994) 
have shown that RSD increases D2 but not D1 receptor binding in rat brain Corsi-Cabrera 
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et a/. (1994) have concluded that RSD may affect brain function by increasing the level of 
hippocampal arousal, whereas the combination of stress and PSD affects interhemispheric 
coupling 
It should be noted that the effects of TSD, as well as RSD, are similar in animals and 
humans, suggesting that the sleep stages and the fundamental regulatory mechanisms for 
controlling sleep are also the same in all mammals 
THEORIES OF SLEEP'S FUNCTION 
Several theories of the functions of sleep (Anch etai, 1988) have been proposed, and these 
are described briefly below 
The restorative theory 
Proponents of this theory (Moruzzi, 1972, Hartmarm, 1973, Oswald, 1974, Adam and 
Oswald, 1977) ascribed body tissue restoration to NREM and brain tissue restoration to 
REM sleep The findings of increased anabolic (Takahashi et ai, 1968, Sassin et al, 
1973, Boyar et ai, 1974) hormone (e g growth hormone, prolactin, testosterone, luteinizing 
hormone) secretion and decreased levels of catabolic (Weitzman and Hellman, 1974) 
hormones (e g , Cortisol) during sleep, alongwith the subjective feeling of being refreshed 
after sleep, may support such a contention (Anch e/a/., 1988) Increased SWS (Borbely, 
1984) following sleep deprivation flirther supports the role of NREM sleep for the 
development of the central nervous system of young organisms, and increased protein 
synthesis in the brain during REM sleep, are cited as evidence of restoration of brain 
functions by REM sleep (Drucker-Colin, 1979) 
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The Energy Conservation Theory 
Zepelin and RechtschafFen (1974) found that animals with a high metabolic rate sleep 
longer than those with slower metabolism, suggesting that energy is conserved during 
sleep. Also, during sleep, metabolism in general is reduced, which helps conserve energy. 
The Instinctive Theory 
This theory views sleep as an instinct (Moruzzl, 1972; McGinty et al.,\914) which 
relates to the theory of adaptation and energy conservation. 
The Theory of Memory Reinforcement and Consolidation 
This theory applies particularly to REM sleep, which is thought to facilitate memory and 
learning. In fact, McGaugh and co-workers (1975) suggested that sleep-waking-related 
fluctuations of hormones and neurotransmitters may be modulating memory processes. 
Crick and Mitchison (1983) proposed that REM sleep would remove undesirable data from 
the memory. According to Hobson (1989) these two theories are not necessarily 
incompatible. 
OTHER FUNCTIONS OF THE POA 
Apart from Sleep-wakefiil ftinction, POA is implicated as a very important nucleus for 
many other vital fiinctions like, thermoregulation, reproduction and food and water 
* intake. Thermoregulatory fijnction of the POA is discussed below. 
The POAH is an important area of the brain for the regulation of body temperature. 
Local warming of this area causes sweating, polypnea and vasodialation (Barbour, 1912; 
Hasama, 1929; Magoun et al, 1938), whereas its electrolytic lesion results in a 
poikilothermic state (Teague and Ranson, 1936; Clark et al., 1938). Neurons in this area 
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have been shown to be sensitive to warm (Nakayama et a/., 1963) and cold stimuli (Hardy 
et al., 1964) in in vivo experiments, and brain slice preparations (Hori et ai, 1980). 
An exaggerated amplitude of circadian rhythm of body temperature was observed after 
the mPOA lesion in rats (SatinofF e/ a/., 1982; Satinoff, 1983). The rhythm was generally 
entrained to the light dark cycle (temperature highest at dark period) but the daily troughs 
were slightly higher than normal. Moreover, during both the periods, the peaks were much 
higher in the mPOA lesioned rats (Satinoff and Rutstein, 1970; Szymusiak et al., 1983). 
Putative neurotransmitters had reciprocal actions on neurons in the POAH which 
controlled heat loss and heat production effectors. 
There are multiple independent thermoregulatory system located at several levels of 
neuroaxis that are supposed to be organized hierarchially with the POA at the top. One 
function of the POA is to provide fine tuning for the lower systems ie. to prevent large 
deviations around normal set point by promptly activating the appropriate thermoregulatory 
responses. Normally impulses from the temperature rhythm generating areas may be 
relayed through the POA to areas known to integrate temperature such as the posterior 
hypothalamus (PH), medulla, pons and possibly the spinal cord. Experimental evidences 
indicate that the 5-HT, in the POA, is involved in heat production. The microinjection of 
5-HT agonist into the AH, including the POA, induces hyperthermia in rat, rabbit, cat, 
monkey, and bird (Borsook et ai, 1977; Datta et ai, 1987), whereas 5-HT antagonist 
could block this effect (Girault and Jacob, 1979). Cooling of the body increases the 5-HT 
levels in the POA (Myers and Beleslin, 1971). 
Dopamine injection into the POA induces hypothermia in cat (Myers and Yaksh, 1969; 
Ruwe and Myers, 1978) and rat (Cox and Lee, 1977). Heat exposure of cat induced 
dopamine release in the POA and the AHA (Ruwe and Myers, 1978). ACh and carbachol 
injection into the POA is reported to induce an increase in body temperature in different 
mammalian species (Avery, 1970; Rudy and Wolf, 1972). 
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Injection of NE into the mPOA produced hypothermia, where as alpha adrenergic blockers, 
phenoxybenzamine and phentolamine induced hyperthermia (Datta et al., 1988) NE injection 
into the POA was ineffective in inducing hypothermia after its injection into the posterior 
or other areas outside the rostral hypothalamus (Metcalf and Myers, 1978) Quan and 
Blatteis (1989) reported that NE microdialysed into IPO A did not induce any significant 
change in core temperature Cooper et al (1976) reported that the fall in body 
temperature resulted by NE injection into POA/AHA was independent of ambient 
temperature In the realm of temperature control, behavioural thermoregulation operates 
parallel with autonomic mechanisms such as the control of peripheral blood vessel calibre. 
Injection of NE at the mPOA facilitated the male sexual behaviour (Mallick et al., 1996) 
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AIMS AND OBJECTIVES 
AIMS AND OBJECTIVES 
1. To study the effect of clonidine, an 0.2 agonist and yohimbine, an a2 antagonist in the 
regulation of sleep-wakefulness and body temperature at the level of mPOA in normal and 
VNA lesioned rats. This study was also targeted to find out the probable interrelationship 
between these two parameters. 
2. To estimate the profiles of the monoaminergic neurotransmitters (NA, DA & 5 YH) and 
its metabolites (DOPAC & 5-HTP, and 5 - fflAA & TRP) in normal and total sleep 
deprived rats. 
3. To study the dendritic morphology (numerical spine densities) in normal and total sleep 
deprived rats. 
4. To study the sleep -wakefulness for 24 h after selective destruction of CA fibres at the 
mPOA. 
All these studies were conducted on adult male rats, Rattus norvegicus (Wistar Strain), 
weighing between 225 - 275 g. 
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Justification for the choice of animal species 
Rats were chosen for this study for the following reasons: 
1. Easy availability and low maintenance cost. 
2. Easy to handle during chronic recordings, which requires free-moving animal model. 
3. As it is less distracted by surroundings, it is more suited for short-term/long-term 
sleep studies. 
4. Suitable for electrophysiological and intracerebral microinjection studies. 
5. Relevant literature on S-W pattern is available. 
6. Many milestone findings on the involvement of the POA in S-W and thermoregulation 
were reported on the basis of studies on this species. 
7. The neuronal pathways and its neurotransmitter profile has already been extensively 
studied in this species. 
8. The mPOA is better demarcated and more prominent in rats. 
9. Easily adapted to the laboratory environment. 
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PARTI 
INTRACEREBRAL MICROINJECTION STUDIES 
INTRODUCTION 
Chapter 1 
INTRODUCTION 
Several lines of evidences have shown that the medial preoptic area (mPOA) plays a 
major role in the regulation of sleep-wakefulness (S-W) and body temperature (Benedek e/ 
ai, 1976, Maskrey et ai, 1970, Mc Ginty and Sterman, 1968, Mc Ginty and Szymusiak, 1990; 
Myers, 1980, Nauta, 1956, Szymusiak et ai, 1991, Szymusiak and Satinoflf, 1984) The 
mPOA is richly innervated by noradrenergic fibres (Anden et ai, 1966, Palkovits et 
al.,\974, Palkovitz and Zaborszky, 1979, Swanson and Hartman, 1975) Norepinephrine 
(NE), when applied locally at the mPOA, alters sleep and rectal temperature (Tree) by its 
action mainly on the a receptors (Datta et a/., 1988) Increased wakefiilness produced by 
destruction of noradrenergic fibres in the mPOA, indicate that these fibers may have a 
hypnogenic role (Kumar e? a/., 1993) On the other hand injection of NE and its antagonists, 
phenoxybenzamine and phentolamine at the mPOA, produced arousal and sleep 
respectively, suggesting its possible involvement in arousal or wakefialness (Datta et al, 1988; 
Kumar era/., 1984) These contradictory observations call for further investigations into the 
site of actions of these locally injected adrenergic agents and the receptors involved in these 
responses It was suggested that the NE, when applied at the mPOA, brings about arousal 
by its action on the a2 receptors (Kumar et al.,\997>) cti receptors are generally present on 
the presynaptic terminals The action of clonidine and yohimbine on the aj presynaptic 
receptors could be confirmed by noting the changes induced by application of these drugs at 
the mPOA, after the removal of noradrenergic presynaptic terminals 
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Most of the adrenergic agents, including clonidine, which alter the S-W, also bring about 
an alteration in Tree when applied at the mPOA (Datta e? a/.,1985; Datta et ai, 1988; 
Mallick and Alam, 1992). It is also known that thermal changes or thermal stress do bring 
about changes in S-W (Benedek et ai, 1976; Parmeggiani et ai, 1974; Roberts and 
Robinson, 1969; Schmidek et ai, 1972; Valatx et ai, 1973). So, the changes in S-W induced 
by the a2 agents might have resulted from a change in body temperature resulting from 
application of these drugs at the mPOA. In this study, the changes in the Tree were also 
monitored along with S-W, to find out the probable interrelationship between the two 
parameters. 
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MATERIALS AND METHODS 
Chapter 2 
MATERIALS AND METHODS 
Alpha - 2 agonist and antagonist were administered slowly into the mPOA in normal and 
VNA lesioned rats. The drugs used were clonidine, an a2 agonist and yohimbine, an aa 
antagonist. Rectal temperature (Tree) was monitored thrbughout the experiment. Thi§ 
approach clearly elucidates the action of endogenously released NE at the postsynaptic 
membrane in modulating S-W and thermoregulation. Details of mechanism involved has 
been deah with separately under discussion. 
Experiments were carried out on free-moving male rats, Rattus norvigecus (Wistar strain), 
weighing between 225-275 g. The rats were trained to accept the rectal probe. Rats not 
found to be comfortable with the rectal probe were not included in this study. The rats were 
• then chronically implanted with EEG, EMG and EOG electrodes soldered to an IC socket 
which was fixed on the skull with self-curing acrylic cement. In some animals VNA was 
lesioned using 6-hydroxy dopamine (6-OHDA). A bilateral guide cannula was 
stereotaxically lowered through a small hole on the skull. It was then fixed on the skull in such 
a way that its lower tip was 2 mm above the mPOA. Various drugs were injected through 
an "injector cannula", whose tip was pre-calibrated to reach the mPOA when introduced 
through the guide cannula. All animals were finally sacrificed and the brains were processed 
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for histological verification of the cannula placement and drug injection. In animals where 
VNA lesion were carried out, the brain sections were processed for histofluorescence. 
Further details of materials, instruments, methods, histology and analysis of data are as 
follows 
MATERIALS AND INSTRUMENTS 
ANIMALS 
\Male Wistar rats weighing between 225-275 g, bred and reared in the Experimental 
Animal Facility of All India Institute of Medical Sciences, New Delhi were used in this study 
They were labelled and housed in separate polyethylene cages (35 x 24 x 14 5 cm), with 
paddy husk for warmth, in the Departmental animal house, having controlled room 
temperature (26 ± 1°C) and 14 hr light (5 00 h - 19 00 h) and 10 hr dark schedule They 
were provided with rat food (Lab Chow, Hindustan Lever, India), soaked grams and water 
ad libitum The husk bedding was changed every day 
CANNULA ASSEMBLY 
The cannula assembly for microinjection of the drugs consisted of a bilateral guide 
cannula, stylettes and an injector cannula attached to a microlitre syringe through a 
polyethylene tubing (Fig 2.1) 
Guide cannula 
The bilateral guide cannula were constructed from 26 G stainless steel tubing Such 
tubings were cut and ground on a Carborundum combination stone to get the required length 
of 15 mm with a smooth edge Two such cannulae were attached to each other by soldering 
them with a bridge in such a way to form a "H" shaped assembly The cannulae were 
separated by a distance of 1 2 -1 4 mm (Fig 2 2) 
47 
Fig 2.1 Intracerebral microinjection set up. 
Fig 2.2 A - Screw electrode for EEG, B - Loop electrode fcr EMG and BOG, C -
Stylette, D - Injector cannula, E - Injector cannula introduced into a 
bilateral guide cannulae. Note : The top of the injector cannula is protruding 
2 mm below the guide cannula, F - Bilateral guide cannula plugged with 
stylettes prior to implantation. 

Stylette 
Stainless Steel wire of 34 G was pulled and cut to the desired length. Small pieces, 
approximately 4 mm, of polyethylene tubings were cut and passed over the stainless steel 
wire. One end of the wire was bent so as to form a hook. The cut tubing was fixed at this 
end. Araldite was applied to fix the tube to the stainless steel wire. The length of the wire 
was adjusted in such a way that it completely filled the guide cannula when it was 
introduced inside (Fig 2.2). 
Injector cannula 
Injector cannula was constructed fi-om 32 G stainless steel tubing. After the desired length of 
the tubing was carefully cut, taking care that its patency remained intact, a small length of the 
tubing (approx. 2 mm) was inserted into 24 G stainless steel tubing (which acted as a 
stopper) and firmly soldered at the junction. Then the length of the injection cannula was 
kept in such a way that it protruded exactly 2mm beyond the guide cannula when inserted 
into it (Fig 2.2). 
ELECTRODES 
EEG electrodes 
Stainless steel screw electrodes were used for recording EEG. These consisted of 2 mm 
long and slender screws soldered on the top to light weight, flexible radio wires (Fig 2.2). 
EMG electrodes 
40 G stainless steel wires of 5 mm length were double bent and twisted to form loops. These 
were then carefiilly soldered on to light weight, flexible radio wires. The neck of the loops 
were insulated with insulex (Fig 2.2). 
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EOG electrodes 
These were prepared in the same manner as that of EMG electrodes. 
Ground electrodes 
These were prepared in the same manner as that of EEG electrodes. 
ANAESTHETICS / DRUGS / CHEMICALS 
Pentabarbitone sodium, (CnHn NiNaOs), obtained from Aldrich Thomas Co., USA was 
used as anaesthetic. 
Drugs used for intracerebral microinjection were yohimbine hydrochloride (Sigma Chemical 
Co., USA) and clonidine hydrochloride (Sigma Chemical Co., USA). Dimethyl 
sulfoxide (Sigma Chemical Co., USA) and sodium chloride (BDH Laboratory Chemical 
Division, Glaxo Laboratories (India) Ltd.) were used as respective vehicles. For aseptic 
precaution and post operative care, Betadine (Win-Medicare, India) and Nebasulf (Pfizer 
Ltd., India) were used. 
Chemicals used for perfusion and staining for histological verifications were ferric chloride, 
(FeCls), (BDH Laboratory Chemical Division, Glaxo Laboratories (India) Ltd.), potassium 
ferrocyanide, (K4(Fe(CN)6).3H20), (SD Fine Chem Ltd., India), Eosin (Merk, Germany) 
and Hematoxilin monohydrate (Merk, Germany). 
For control injections, dissolving drugs and preparing vehicles, sterile and pyrogen free 
0.9% (w/v) saline was used. This was prepared using sodium chloride (BDH Laboratory 
Chemical Division, Glaxo Laboratories (India) Ltd.) dissolved in double distilled water. 
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STEREOTAXIC INSTRUMENTS 
Stereotaxic instrument of David Kopf instruments was used for all stereotaxic surgical 
procedures, viz., lowering of the guide cannula into the mPOA. It has a "[" shaped frame 
which is fixed on a long stainless steel rod which is ultimately fixed on to the operating table. 
The arms of the "[" are extended to form the calibrated lateral bars. Clamps in the lateral bars 
permit the calibrated aural bars to be fixed at right angles but in the same horizontal plane. A 
detachable rat head holder consisting of incisor bar and nose clamp with a longitudinal 
groove can be mounted at the center of the body of "[" frame. Longitudinal grove in the 
head holder permits its movement in the rostro-caudal direction. The incisor bar has 
calibrations and can be moved vertically so that the head could be fixed according to any 
atlas above or below the intra aural line. The nose clamp helps to keep the head of the animal 
pressed down firmly. 
The electrode carrier was a "L" shaped strip fixed with a crocodile clip to one end. This 
was fabricated to fit on the lateral bars of the "[" shaped frame with the help of a sliding 
clamp. This was a "T" shaped calibrated assembly which had provision to enable the 
guide cannula fixed on to the carrier to move rostro-caudal, medio-lateral or dorso-ventral by 
rotation of respective knobs. There were screws, which when tightened prevented 
accidental movement of the arms. 
EXPERIMENTAL RECORDING CAGE 
It was a rectangular wooden box (45 x 30 x 32 cm), provided with a glass on one side to 
enable to view the animal behaviour. On top of the box was a small opening to fix the swivel, 
through which recording wires could be taken out. Behaviour of the animal could be 
observed through the viewing glass. This entire set up was placed in a Faraday's cage to 
prevent any interference from 50 Hz power lines. 
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POLYGRAPH 
A 8 channel polygraph, model 7B of Grass Instruments Co , Quincy, Mass, USA, was used 
in this study It could record both AC and DC input signals Details of the accessories used 
are described below 
The picked up signal was fed to an electrode board (model EB24) which had 24 active 
position (1-24) jack and a ground jack labelled GND Electrode connector pins were 
plugged into the active jacks, and the ground pin to the ground jack. 
The electrode board was connected to the electrode selector panel (model 7ES P24) which 
had two, Gl and G2 selector indicator rotary switch corresponding to each channel, which 
enabled to select the positions between 1-24 of the electrode board for selective 
recording In the selector panel, there was one selector switch which could be turned to 
either "cal" or "use" position The required calibration signals were selected by turning a 
rotary switche The voltages of calibration signal provided in the panel were 5, 10, 20, 50, 
100, 200 nv and 0 5, 1, 2, 5, 10, 20 mv The calibration signal usually used for EEG, EMG 
and EOG were 100 |j,v 
The main frame of the polygraph had 8 channels Each channel consisted of one wide band 
AC preamplifier, one DC driver amplifier and one pen writing system The main fi-ame had a 
master switch to regulate the power into the system. 
The polygraph also had a separate channel as timer which gave pulses at every second The 
pulses after every 5th second was bigger than the previous pulses and they were largest after 
every 60th second The same channel could also be used as a stimulus marker which 
could be manually driven The stimulus marker gave upward/downward deflection 
depending on the selector Moreover, the mark could be given with a remote control or with 
the help of a switch on the body of the polygraph 
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The wide band AC preamplifler (model 7P5B) consisted of a male socket, which 
received the female lead from the electrode selector panel, of the respective channel. There 
was a pair of selector Gl and G2 which were kept at 2 and 3 for recordings. Amplification 
could be set to different sensitive settings (20, 30, 50, 75, 100 and 150 [iv/cm) and a three 
step multiplier knob (xl, xlO and xlOO) helped to amplify the signals further. Apart from 
this, there was a continuous variable knob which could be adjusted to get the amplification 
in between each of the two steps of the amplification. The preamplifier provided a 5 step 
1/2 amplitude low frequency cut-oflfknob at 5 different frequency limits of 0.15, 0.3, 1, 3 and 
10 Hz, having corresponding time constants of 0.45, 0.24, 0.1, 0.04 and 0.015 sec 
respectively. The high frequency cut off was provided in the DC driver amplifier. 
All eight charmels consisted of a DC driver amplifier (model 7DAEF). Its fianction was to 
amplify the power of the signal, so that the pen could be moved. There was a push button 
cal knob where the adjusted calibration rest at -100 mv. Usually it was kept at 2 cm pen 
deflection. The high frequency cut-off provided frequency ranges at 0.1, 0.5, 3, 15, 35 Hz, 75 
Hz-40 KHz, 75 Hz-3 KHz and 75 Hz-0.5 KHz. It had an additional 50 Hz filter switch, 
which selectively filtered the 50 cycle line frequency. Each individual channel could be 
kept "ofFstand by/ on" mode by proper selection of "push-turn' switch. The polarity 
switch selected the movement of the pen upward or downward to that of the base line. The 
base line adjustable knob enabled the positioning or bringing the pen to a horizontal 
position. For recording the signal, coming from the preamplifier, the calibration switch 
"use/cal" was kept at "use" position. 
The paper speed was selected by pressing the respective push button switch of the chart 
drive (model H25-50), which regulates the paper at 12 different speeds, 2.5, 5, 10, 25, 50 
and 100 mm/sec or mm/min. The paper speed set for this study was 10 mm/sec. 
SLOW INJECTOR 
The slow injector of C.F.Palmer, London had one syringe rack which fixed the syringe tightly. 
It also had a piston which could move the piston of the syringe forward at varying speed. The 
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rate of microinjection could be selected by varying the speed of movement of the piston. 
The gears in the slow injector permitted the speed of movement of the piston at 10, 20, 40, 
80, 160 and 320 min/inch. In the present study, the piston was set at the speed of 20 
min/inch. 
SUCTION PUMP 
The suction pump of Widsons Scientific Works, India, was used to remove the tracheal 
secretions of the animal as and when required during the surgery. 
MICROTOME 
A rotary microtome (Ernst Leitz, Germany Wetzlar) was used to cut sections from the 
paraflfm embedded tissue blocks. 
CRYOSTAT 
A universal compact cryostat (Medis Weber, Type: DDM-P500-O with ACF-System, 
Germany) in open top and modular design was used. It was controlled by a 
microprocessor. It had a provision for illumination of the chamber by fluorescence light 
and a facility for sterilization by UV radiation. The chamber cooling down capacity was -
40 °C ACF-rapid object freezing down was up to -60 °C within 3 min. It had a manual 
drive and a battery back up for computer memory and digital temperature display. It has a 
cutting range of 1-60 |im and retraction of 80 \im. It also had a variable knife holder 
system. 
THERMISTOR PROBE SYSTEM 
Thermistor probe system (Century, CT 806) fabricated locally by Seven Star was used 
to monitor Tree during the experiment. 
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METHODS 
Selection of animals for experiment after surgical procedure 
Healthy normal Wistar male rats, weighing between 225-275 g, were selected. Only those 
rats which had regular pattern of food and water intake were taken. Rats with middle ear 
infection, abnormally high body temperature were not used for the study. 
Stereotaxic implantation of bilateral guide cannulae and electrodes 
The surgery was carried out asceptically in a sterilized environment. All surgical 
instruments and guide cannula were sterilized. The animal was then weighed and 40 mg/kg 
b.w. of anaesthesia (pentabarbitone sodium) was administered intra-peritoneally. After 
the animal went into anaesthesia, the head was shaved and Savlon was applied to the skin 
overlying the head. The animal was then fixed onto the stereotaxic instrument. The 
respiration was monitored throughout the experiment visually. In case of respiratory 
distress, the animal was removed and necessary resuscitation was followed until the 
respiration came back to normal. The incisor bar was set 5 mm above the intra aural line 
(lAL) in accordance with De Groot's atlas (De Groot, 1959). 1 ml of xylocaine (as local 
anaesthetic), was injected under the skin of the head. A longitudinal midline incision 
extending around 1 cm was made from behind the eyes with a new, sterilized scalpel blade. 
The periosteal muscle was retracted with a blunt spatula, to expose a small portion of the 
frontal bone, the bregma, the coronal sutures, the sagittal suture, the lambda and a small 
portion of the occipital bone. The skin was retracted and about 1 mm of the skin was cut on 
* both sides. The surface of the skull was wiped dry with cotton wool to visualize the sutures 
clearly. 
Two tiny holes were drilled with the help of a watch-makers screw driver for placing 
bilateral screw electrodes (Fig 2.2) onto the skull, 2 mm rostral to the bregma and 4 mm 
lateral to the mid sagittal suture, for recording EEG. A unilateral screw electrode was 
placed similarly, approximately 5 mm away from the EEG electrodes, rostrally at the naso-
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frontal portion of the skull as ground. A film of self-curing acrylic cement was applied on 
the sides to fix the recording electrodes. The EMG electrodes (Fig 2.2) were placed 
bilaterally into the dorsal nuchal muscle and sutured with a sterilized silk suturing thread. 
Similarly, two EOG electrodes were sutured to the external canthus region of the eye on 
either side. 
Two tiny holes were drilled 0.6 mm lateral to the mid sagittal suture, and a bilateral guide 
cannulae for the injection of drugs at the mPOA was lowered by means of a holder, 2 mm 
above the mPOA at coordinates A 7.8, H 0.5 and L 0.6 mm as per De Groots atlas (Fig 
2.3). The bilateral guide cannula was plugged with stylettes, prior to implantation, to keep it 
patent (Fig 2.2). Self-curing acrylic cement was poured around the guide cannulae. After 
curing of the cement, the holder was separated and removed from the cannulae. 
Three separate holes were drilled, one lateral to the ground electrode (on the contralateral 
side) and two others caudal to the lambda on either sides to fix the anchoring screws. 
Anchoring screws, embedded within the self-curing acrylic cement helped to hold the 
electrodes and cannula in place on the skull. 
All distal ends of the recording electrodes were trimmed and soldered on to an eight legged IC 
socket, which was then fixed on the skull. 
Ventral noradrenergic bundle lesion by 6-OHDA 
The incisor bar was set 5 mm below the lAL in accordance with Konig and Klipper atlas 
(Konig and Klipper, 1963). The animals were then fixed on to the stereotaxic instrument 
and two tiny holes on the skull were drilled 1.2 mm laterally on either side of the midline, 
after carrying out the preliminary surgical procedure as mentioned above. A 26 G injector 
cannula was lowered into the VNA at coordinates A 1.02 H -2 and L 1.2 (Konig and 
Klipper, 1963). 8 pig of 6-OHDA in 1 |il saline containing 1% ascorbic acid was slowly 
injected at a flow rate of 0.2 |il/min using the slow injector. The injector cannula was left in 
situ for atleast 2 min to give sufficient time for the drug to diffuse. The same procedure 
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Fig 2.3 Photograph showing anaesthetized animal fixed on to a stereotaxy and 
surgery in progress Note The bilateral guide cannulae about to be 
lowered into the niPOA 
Fig 2 4 Photomicrograph of the rat brain section showing cannula tracts and the site 
of injection ac - anterior commissure, oc - optic chiasma 
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was carried out contralaterally. The injection cannula was then removed and the burr holes 
were plugged gently with a small piece of absorbable spongostan (Spongostan, Denmark). 
The incisor bar was then raised to 5 mm above lAL and the surgical procedure for the 
implantation of electrodes for polysomnography and bilateral guide cannula for injection of 
drugs was carried out as mentioned in the preceding section. 
Post operative care 
After the surgery, the animal was gently taken out of the stereotaxic instrument. Nebasulf 
sprinkling powder, containing neomycin sulphate, bacitracin and sulphacetamide was 
sprinkled on the wound points. Betadine was also applied. The animal was then gently placed 
in the cage on a filter paper sheet and mild radiant heat was provided by an 
incandescent light. The temperature of the animal was constantly monitored till about 30 
min after it came out of anaesthesia. The cage was then half-covered on the top, so that the 
animal could prefer the heated side of the cage as and when required. For the next 4-5 days, 
the animal was periodically monitored. Food and water were provided ad libitum. Recovery 
from the post operative trauma was assessed by observating the of body temperature, food-
water intake and general behaviour of the animal. The animal was then familiarized with the 
recording cage prior to the experiment. 
Electrophysiological recording 
After the animal was acclimatized to the recording cage for a minimum of 30 min, the 
preinjection recording of EEG, EMG and EOG was started. The lead wires from the male 
socket (which were plugged on to the rats's head) were connected to the electrode board, 
which in turn was cormected to the electrode selection panel. The electrode panel switch 
sends the signal to the preferred channel via wide band AC preamplifier and DC driver 
amplifier. The settings ofthe amplifiers for the recording of EEG, EMG and EOG have been 
shown in the Table 2.1. 
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Table 2.1 
Preamplifier settings for polysomnographic recording 
EOG 
EEG 
EMG 
AC preamplifier 
Sensitivity - 150 fiv/cm 
Low freqency pass - 0.3 Hz 
Time constant - 0.24 sec. 
Sensitivity - 100 juv/cm 
Low freqency pass - 1 Hz 
Time constant - 0.1 sec. 
Sensitivity - 30 /xv/cm 
Low freqency pass - 3 Hz 
Time constant - 0.04 sec. 
DC driver amplifier 
Polarity - up 
High frequency pass - 15 Hz 
50 cycle filter - In 
Polarity - up 
High frequency pass - 35 Hz 
50 cycle filter - Out 
Polarity - up 
High frequency pass - 75 Hz 
50 cycle filter - Out 
The preinjection control recordings were obtained continuously for 90 min. Then 0.2 
|il of the drug in question was administered at a flow rate of 0.1 |j.l/niin at the mPOA via 
the injector cannula. Soon after the drug injection, the recordings were continued for 180 
niin (3 h). The paper speed was kept at lOmm/sec speed. Behaviour of the animal, like 
movements, posture, grooming, sniffing and sleep were noted down visually. The records 
were properly labelled. Calibration was taken before and after every experiment. 
Rectal temperature recording 
The rats were trained to accept rectal probe. Those rats which were not comfortable with 
the rectal probe were not included in this study. Thermistor probe system (Century, CT 
806, India) was used to monitor Tree every 5 min throughout the experiment. A thin 
coat of local anaesthetic gel was applied to the rectum and about 4.5 cm of the probe was 
gently inserted into the rectum. The probe was then fixed firmly on to the tail of the rat. 
Method of intracerebral microinjection 
After 90 min of preinjection recording, the drugs were administered intracerebrally by 
microinjection. The microinjection set up consisted of an injection cannula, a 
polyethylene tubing and a microlitre syringe (Fig 2.1). The distance of the fluid 
movement to eject out 0.2 \i\ was standardized in the polyethylene tubing and the 
respective distance marked. The required drug was drawn into the injector cannula and 
polyethylene tubing. On the distal end of the tubing (near the microlitre syringe end) a small 
air bubble was introduced to monitor the fluid movement. Pressure was applied to the 
microlitre syringe. Before introducing into the brain, the patency of the injector cannula and 
the fluid movement was tested by ejecting out some fluid. The animal was gently restrained 
and the stylette removed fi"om the guide carmula. Injector cannula was then introduced into 
the guide cannula. This was followed by application of pressure to the microlitre syringe by 
the slow injector at a flow rate of 0.1 |il/min. The volume of the injected drug was assessed 
on the basis of the movement of air bubble. The injector cannula was left in situ for atleast 
2 min to give sufficient time for the drug to diffuse into the surrounding brain tissue. This 
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also helped in preventing the injected solution from being sucked back into the guide 
cannula at the time of withdrawal Injector cannula was then replaced by the stylette The 
same procedure was carried out for injection of drug into the other side of the brain The 
entire procedure took about 10 min After the application of the drug the animal was gently 
let loose in the cage and the recording restarted The post injection record was then carried 
out uninterrupted for 180 min 
Protocol 
Details of the drug administered in the mPOA in different group of rats, time of study 
and dosage are mentioned in Table 2 2 Forty eight rats were divided into eight groups of 
six each Animals were left undisturbed (with plugged cables) in the recording cage for at 
least 30 min This was followed by recording of all the parameters for 90 min before, and 
180 min after the injection of various drugs at the mPOA The recording was started 
irrespective of the state of the animal (awake or asleep) in order to minimize the preinjection 
bias Based on the preliminary experiments, the clonidine injection effect were studied 
during the light period (10 30 - 17 30 h) and yohimbine during dark period (20 00 - 03 00 h), 
to enhance the drug induced effects (Drug induced arousal and sleep are better observed 
when the background preinjection record has higher percentage of sleep and wakefulness 
respectively) Details of the experimental plan is given in Table 2 3 & 2 4 
HISTOLOGY 
Procedure for sacrificing the animal 
At the end of the recording session, the animals were deeply anaesthetized with 
pentabarbitone sodium 0 2 |j,l of 2% ferric chloride solution was injected into the mPOA 
through the guide cannula using the same injector cannula and procedure adopted during 
the drug mjection A midline incision was made after the animal was put in a supine position, 
to expose the heart About 30 ml of 0 9% saline was perfijsed intracardially through the left 
ventricle A small nick was made in the right auricle for the drainage of the perfusate 
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Table 2.2 
Details of drug administration 
Group - 1 
Group - 2 
Group - 3 
Group - 4 
Group - 5 
Group - 6 
Group - 7 
Group - 8 
Number 
of rats 
6 
6 
6 
6 
6 
6 
6 
6 
Lesion 
produced 
-
-
VNA lesion 
VNA lesion 
VNA lesion 
VNA lesion 
Drug 
administered 
Saline 
Clonidine 
(in saline) 
25% DMSO 
Yohimbine 
(in 25% DMSO) 
Saline 
Clonidine 
(in saline) 
25% DMSO 
Yohimbine 
(in 25% DMSO) 
Amount 
0.2/il 
2 ixg in 0.2 /Lil 
0.2/xl 
1 fig in 0.2 jLtl 
0.2^1 
2 /xg in 0.2 /xl 
0.2 Ml 
1 /xg in 0.2 /xl 
Time of 
study 
10.30-15.30 
10.30-15.30 
20.00-01.00 
20.00-01.00 
10.30-15.30 
10.30-15.30 
20.00-01.00 
20.00-01.00 
Table 2.3 
Experimental protocol - Groups 1-4 
SI. No 
1 
2 
3 
4 
5 
6 
Days 
1 
2 
3-6 
7-8 
9 
10 
Time 
0930-1230 
0300-1730 
1030-1530 
2000-0100 
1030-1530 
2000-0100 
Experimental procedure 
Selection of animal, labelling and 
housing them separately. 
Induction of pentabarbitone 
anaesthesia and implantation of guide 
cannulae for microinjection of drugs 
into the mPOA and electrodes for 
recording EEG, EMG & EOG. 
Animal periodically monitored. 
Assessment of post-operative recovery 
by observing the body temperamre, 
food-water intake and general 
behaviour of the animal. 
Familiarising the animal with the 
recording cage. 
Polysomnographic recording of sleep-
wakefulness for 90 min before and 180 
min after respective drug injection. 
Sacrificing the animal to confirm the 
site of microinjection. 
Table 2.4 
Experimental protocol - Groups 5-8 
SI. No 
1 
2 
3 
4 
5 
6 
Days 
1 
2 
3-6 
7-8 
9 
10 
Time 
0930-1230 
0300-1730 
1030-1530 
2000-0100 
1030-1530 
2000-0100 
Experimental procedure 
Selection of animal, labelling and 
housing them separately. 
Induction of pentabarbitone 
anaesthesia and implantation of guide 
cannulae for microinjection of drugs 
into the mPOA and electrodes for 
recording EEG, EMG &EOG. The VNA 
was lesioned bilaterally by 
administration of 6-OHDA 
Animal periodically monitored. 
Assessment of post-operative recovery 
by observing the body temperature, 
food-water intake and general 
behaviour of the animal. 
Familiarising the animal with the 
recording cage. 
Polysomnographic recording of sleep-
wakefulness for 90 min before and 180 
min after respective drug injection. 
Animal decapitated and the brain 
tissue processed for histo-fluorescence 
to examine the catecholaminergic 
terminals. 
Following this, about 150-200 ml of 3% potassium ferrocyanide in 30% formaldehyde was 
perfused. The brain was then carefully removed and preserved in 10% formaldehyde 
solution for 1-2 days (Bagga et tf/., 1981; Bagga et ai, 1984). 
Histological method employed to verify injection site 
A small piece of the fixed brain tissue including the site of injection and its surrounding area 
was cut. The tissue was washed in running water for 6-8 h. It was transferred overnight to 
70% alcohol. Later it was placed in 100% alcohol (2 changes), dehydrated in acetone (2 
changes for two minutes each), cleared with xylene for 15 min and then embedded in paraffin 
wax (3 changes) before preparing the block. Serial sections of 10 \\.m thickness were then cut 
on a rotary microtome. Sections were then stained with hematoxilin and eosin, to identify 
the brain area and to provide contrast to the site of injection, visible as Prussian blue spot. 
Preparation of Eosin: 4 g of eosin was dissolved in 320 ml distilled water and 1280 ml of 
absolute alcohol was added to it. 16 drops of acetic acid was also added. 
Preparation o///ematoj:i7jn; 10 g of hematoxilin was dissolved in 500 ml of alcohol. 500 
ml of glycerin, 500 ml of distilled water and 50 g of potassium alam ware also added. 
Finally, 50 ml of glacial acetic acid was added. It was used after 3 months. 
The cut sections were put in xylene for 15 min (to remove wax). They were then slowly 
hydrated with different grades of alcohol (100%, 90%, 70%) and distilled water for 1 
min. The sections were first stained with hematoxilin (2 min). It was then washed in running 
water for 2 min and then stained with eosin for 2 min. The sections were then dehydrated with 
different grades of alcohol (70%, 90%, 100% - just dip) and acetone. Stained sections were 
cleared in xylene and mounted in DPX for microscopic examination. The presence and 
extension of prussian blue coloration represented the site and spread of the injected drug. 
Only those rats where the prussian blue colour spots were confined to the mPOA were 
considered in this study for further analysis (Fig 2.4). 
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Histofluorescence method employed to visualize catecholaminergic terminals 
Animals in which VNA lesions were carried out were quickly decapitated and the brain tissue 
frozen to -20°C and sectioned in a cryostat for histofluorescence examination of 
catecholaminergic terminals at the mPOA. A normal rat was also sacrificed and processed 
simultaneously to verify the staining procedure. The sections showing injection cannulae 
tracts were also noted. The brain sections were treated with solution containing sucrose, 
potassium phosphate and glyoxylic acid. These were processed for histofluroscence 
according to the procedure described by Torre and Surgeon (1976). These sections were then 
counter stained by eosin and hematoxilin for confirmation of the injection site. 
ANALYSIS OF DATA 
Scoring and analysis ofS-Wdata 
S-W was quantified on the basis of continuous recordings of EEG, EMG and EOG. A brief 
description of the analysis is given below. 
Analysis o/£!£G; The speed of the paper recording EEG and other parameters was kept at 
10 mm/sec. At this speed it was possible to determine the frequency and duration of waves. 
The fi"equency of EEG waves was determined on the basis of measurement of the number 
of waves recurring at a period of 1 sec. Amplitude was determined by measuring peak to 
peak voltage. Fast waves of low amplitude present in the awake phase had a frequency of 
30-40 /sec and the amplitude was nearly 30 |-iV. The amplitude of the slow waves ranged 
from 50 to 300 |aV and their frequency from 6 to 12/sec. The final assessment of classification 
of S-W stages was based on simultaneous additional information obtained from EMG, EOG 
and observations of behaviour. 
Analysis of EMG: EMG recorded from the dorsal nuchal muscles, with macroelectrodes 
in the present study consisted of "interference pattern" tracing. Thus, there was an 
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increase or decrease in the amplitude of summated potential of the EMG with simultaneous 
increase or decrease in the muscle activity 
Analysis of EOG: Analysis of EOG was done qualitatively The record of EOG, obtained 
through electrodes placed on the external canthus of the eye, showed spike like waves, with 
the movement of eyeballs occurring during wakefulness and paradoxical sleep During 
paradoxical sleep, EOG waves were relatively regular and rapid but during awake period 
these waves were irregular 
Quantification of sleep-wakefulness 
For quantification of S-W, the electrophysiological observations were correlated with 
simultaneous behavioural observations The entire polysomnographic record was split into 30 
second epochs and visually scored Each epoch was included in a particular stage of S-W 
depending on the stage to which more than 15 sec of the record belonged Each epoch 
was classified as one of the five different stages of S-W (Panksepp et al., 1973, Kumar et 
a/., 1993) 
Wakeful state was classified into two stages, viz., active wakefulness (Wl), and quiet 
wakefulness (W2). Sleep state was classified into three different stages, viz, light slow 
wave sleep (SI), deep slow wave sleep (S2), and paradoxical sleep (PS) or rapid eye 
movement (REM) sleep (Fig 2.5) 
Classification of different stages of sleep-wakefulness (S-W) 
Polygraphic recordings which were divided into 30 sec epochs were visually scored as per 
criteria given below 
Active wakefulness (Wl): EEG during Wl stage had low amplitude, high fi^equency 
(desynchronized) waves. EMG had gross body movement artifacts and EOG had high 
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Fig 2.5 Polygraphic recording showing high speed (10 mm / sec) of 
electrocculogram (EOG), electroencephalogram (EEG) and electromyogram 
(EMG) of rat during different sleep-wakefiil stages. 
T - timer shows 1/sec signal. 
Calibration bar: 600 \\.v (EOG), 300 i^v (EEG), 200 ^v (EMG). 
amplitude spiky waves produced by eyeball movements. Animals showed sniffing, 
grooming, scratching and orienting activities during this period. 
Quiet wakefulness (W2): During W2, EEG remained desynchronized. Though the EMG 
remained high, it did not show any movement artifact. Spiky waves and slow rolling 
movements produced by the eyeballs were occasionally recorded. No locomotor activity 
was present, and the animals were found sitting quietly during this period. 
Light slow wave sleep (SI): SI stage was characterized by low frequency, high amplitude 
(synchronized) EEG spindle waves. There was considerable reduction in EMG activity, and 
absence of locomotor activity. EOG did not show spiky waves. The rats assumed a 
sleeping posture during this period. 
Deep slow wave sleep (S2): S2 was characterized by continuous electro-cortical slow 
wave activity, where synchronized waves were not seen as separate spindles. There was 
further reduction in EMG as compared to that during S1. EOG activity was absent. 
Paradoxical sleep stage (PS): The PS or REM sleep was characterized by 
desynchronized EEG, and drastic reduction in EMG (muscle atonia). The EOG showed spiky 
waves. 
There was a deviation from the normal criteria for classification of sleep-wakefiilness, 
while analyzing the data after clonidine administration, as the EEG showed synchronization 
when the animal was behaviourally awake. So, the scoring of sleep-wakeful stages in this 
particular instance was done on the basis of non-EEG parameters. 
Statistical analysis ofS-Wdata 
The recordings were divided into bins of 5 min each. The preinjection and postinjection 
data were tabulated for statistical analysis. The preinjection data fi^om each group of 
animals were analysed by Friedman's two way analysis of variance to assess if there was any 
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significant variation within the groups. The preinjection values fi-om control groups (i.e. 
saline and DMSO injected animals) were compared with each of their postinjection 
readings to find out the effect of injection procedure on sleep-wakeflilness, by using 
Friedman's multiple range test. Each bin of saline administration group (group 1) was 
compared with an identical period of clonidine administration group (group 2), and 
similarly DMSO group (group 3) with yohimbine group (group 4), using Wilcoxon's 
two-sample Rank (Mann-Whitney) test. This helped to compare the effects of 
administration of clonidine and yohimbine with their respective vehicles. 
Statistical analysis of rectal temperature data 
Tree, noted at 5 min intervals, in control animals were compared with Tree values of the 
experimental groups, noted at identical timings, using student's r-test. 
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RESULTS 
Chapter 3 
RESULTS 
The aim of this study was to find out the probable interrelationship between S-W and 
thermoregulation at the level of mPOA The experiments were carried out in eight groups 
of rats In 4 groups of rats (groups 5 to 8), the VNA was also bilaterally lesioned by 
6-OHDA Clonidine (2 ng in 0 2 |il normal saline), yohimbine (1 ng in 0 2 ^1 25% DMSO) 
and an equal volume of their vehicles (normal saline and 25% DMSO) were injected at the 
mPOA in four sets (groups 1 to 4) In another four sets (groups 5 to 8), these drugs were 
administered after the destruction of the VNA, which contained the NE fibres projecting to 
the mPOA 
Sleep-wakefulness and rectal temperature in normal rats 
The preinjection data fi'om different rats were comparable, as the variations in the values 
within each group of rats were not significant The preinjection records, obtained during the 
light period, fi-om groups 1 and 2, showed that the rats were awake for 56 10 ± 8 93% and 
53 41 ±6 49% of the time respectively Different components of S-W in groups 1 and 
2 were also comparable A major part of the awake period was spent in Wl and sleep period 
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in SI, dunng the preinjection record On the other hand, 82 76 ± 7 46% and 78 13 ± 9 38% 
of the preinjection recording time at night was spent in wakefulness, by the rats of groups 3 
and 4, respectively A major part of the total sleep time was spent in SI stage by the 
animals of group 3 and 4 S2 was absent in both these groups and PS was recorded for a 
short period in DMSO group 
Effect of saline injection at the mPOA on sleep-wakefulness and rectal temperature 
(group 1) 
Injection of saline (group 1) produced short-lasting arousal for about 15 min, after they 
were handled for injection (Fig 3 1) These rats went back to the preinjection state after that 
penod 
On an average, these rats were awake for 49 25 ± 7 32% of the total postinjection 
recording time of 180 min (3 h) They spent 50 74 ± 5 38% of the remaining time in sleep 
Active wakefiilness (Wl) stage (Fig 3 2 and Table 3 1) occupied most of the postinjection 
awake penod (36 06 ± 3 88%) On the other hand, the quiet wakefulness (W2) was 
observed for only 13 19 ±3 44% of the total recording time (Fig 3 2 and Table 3 1) The 
light slow wave sleep (SI) stage predominated the sleep period (Fig 3 2 and Table 3 1) with 
38 56 ± 3 93% of the recording time Small percentages (9 81 ± 0 78% and 2 35 ± 0 67% 
of the time respectively) of deep slow wave sleep (S2) and paradoxical sleep (PS) were also 
recorded (Fig 3 2 and Table 3 1) 
The average Tree during the preinjection (37 68 ± 0 04°C) and postinjection period (37 76 
± 0 04°C) did not show any significant difference (Fig 3 1) But the Tree remained elevated 
for about 15-20 min immediately after the injection This period coincided with the period of 
short lasting arousal after the injection (Fig 3 1) 
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Fig 3.1 The changes in temperature (Tree) and the awake period after injection of 
Saline (A) and clonidine (B) at the mPOA in normal rats. Injection point in 
indicated by an arrow. Data are mean ± SD. * p< 0.05, ** p<0.01. 
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Fig 3.2 The graph shows the changes in different sleep-wakeflil stages after injection 
of saline (A) and clonidine (B) at the mPOA in normal rats. Injection point is 
indicated by an arrow. Data are mean ± SD. * p< 0.05, ** p < 0.01 
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Effect of donidine injection at the mPOA on sleep- wakefulness and rectal temperature 
(group 2) 
The injection of clonidine at the mPOA, produced arousal. The values of awake periods 
were significantly increased fi"om 10 to 70 min when compared to identical timings of the 
saline treated animals (Fig 3.1). The rats were awake for 77.39 ± 6.90% of the time and 
asleep for 22.57 ± 3.82% of time. 
Total duration of Wl stage after the injection of clonidine, was not significantly 
altered (Fig 3.1 and Table 3.1). Increase in Wl bins at 65-70 min and decrease at 160-165 
min, compared to saline control, were neither injection bound nor obtained on long 
continuous bins. 
There was a dissociation between behavioural arousal and EEG changes after injection of 
clonidine. Though the EEG showed synchronized waves after the injection of clonidine, the 
EMG, EOG and behavioural observations indicated that the rats were awake. Dissociation 
between behaviour (arousal) and EEG (synchronization) was observed in all the six 
animals in group 2. This dissociation between EEG and behaviour and the non-EEG 
parameters of recording, were taken into consideration while classifying them as 
wakefiilness. The synchronized EEG waves obtained after injection of clonidine were not 
identical to that observed during normal sleep. The firequency of the synchronized waves 
obtained after clonidine administration had a slightly lower mean fi^equency (8.66 ± 0.75) 
compared to the synchronized waves obtained during true sleep (10.94 ± 0.45). The 
amplitude of these waves were also generally higher (Fig 3.3). These rats had wide open 
eyes with dilated pupils (Fig 3.4). Exaggerated sniffing' behaviour was also seen in four 
out of six animals. They also showed normal behaviour like exploratory movements, 
licking, grooming and eating. But, most of the time, they remained stationary with 
random head movements. There were no gross body movements. Hence this stage was 
classified as W2, as per the criteria given earlier for non-EEG parameters (Ramesh et 
66 
Fig 3 3 The tracings show EOG, EEG and EMG record from a normal rat before the 
injection clonidine (A), after 15 minutes of injection of the drug (B) and 90 
minutes after the injections (C) In tracing B the synchronised waves in EEG 
were recorded when the animal was behaviourally awake The synchronised 
waves (B) have lower frequency and higher amplitute than those obtained 
during sleep Also note the higher EMG and EOG activity Speed 
caliberation = 5 sec Amplification caliberation = 600 ^v (EOG), 300 |^ v 
(EEG), 200 lav(EMG) 
Fig 3 4 Photograph showing rat awake after injection of chlonidine into the mPOA 
Note - Wide open eyes of the rat 
A B C 
EEG 
EMG 
a/., 1995). Thus, these rats remained in W2 stage for a longer period of time as compared to 
the saline treated control group (Table 3.1). 
The different stages of S-W were compared with saline control group to find out the 
component of these S-W stages which were significantly affected. There was no significant 
change in the Wl stage after injection of clonidine, when the total post injection records 
were compared (Fig 3.2 and Table 3.1 ). The animals were in Wl stage for 39.39 ± 3.34% 
of the recording time. There was a significant increase in Wl at 65-70 min bin and a 
significant decrease at 160-165 min bin periods. However, these changes were neither 
injection bound nor obtained on continuous bins. 
There was a significant increase in W2 fi-omlOto 55 min after clonidine injection (Fig 3.2 
and Table 3.1). In addition, isolated significant alterations in S-W at 60-65 min, 90-95 min, 
115-120 min and 145-155 min bins were also obtained. The rats were in W2 stage for 
38.00 ± 3.56% of the recording time as compared to only 13.19 ± 3.44% in saline control 
group. 
The total percentage of time that the rats spent in SI after clonidine injection was 
significantly lower than that spent by the saline control group (Table 3.1). The SI stage was 
decreased significantly from 10 to 70 min after the injection. Total percentage time the rats 
spent in S1 after the injection was about 14.11 ± 1.21% as compared to 38.56 ± 3.93% in 
the saline control group. The percentage of S2 during the entire postinjection period, in 
both the clonidine group and saline group, were almost similar (8.01 ± 2.4% and 9.8 ± 
0.78% respectively). There was significant decrease at 55-65 and 90-100 min and increase 
at 165-170 min (Fig 3.2 and Table 3.1). The rats spent about 0.45 ± 0.20% of the 
postinjection period in PS stage, which was not significantly different from the control. 
There was an increase in Tree for about 15-20 min immediately after the 
administration of clonidine at the mPOA (Fig 3.1). This deviation was similar to that 
observed after the saline injection. Subsequently, there was no gross change in the body 
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temperature, as the average temperature before (37 62 ± 0 16°C) and after (37 75 ± 
0 06°C) injection of clonidine were comparable 
Effect of vehicle (DMSO) injection at the mPOA on sleep- wakefulness and rectal 
temperature (group 3) 
The administration of the vehicle of yohimbine, i e 25% DMSO, produced no change in 
normal pattern of S-W ( Fig 3 5) The values of different stages of S-W before and after 
DMSO injection were comparable (Table 3 1) The basal recording of S-W dunng the night 
(DMSO was injected during the dark penod), showed that the rats were awake for 77 71 ± 
3 00% of the total recording time as compared to 49 25 i 7 32% during the day (saline 
group) On the other hand, on an average, it was asleep only for 22 24 ± 2 30% of the 
recording time during the night as compared to 50 74 ± 5 38% during the light period 
(Group 1) 64 20 ± 1 74% of this awake period was spent in Wl stage (Fig 3 6 and Table 
3 1) and the rest 13 51 ± 1 26% was spent in W2 stage (Fig 3 6 and Table 3 1) 20 04 ± 
1 52% of the sleep period was occupied by SI stage (Fig 3 6 and Table 3 1) The time spent 
in S2 (Fig 3 6 and Table 3 1) and PS stages (Fig 3 6 and Table 3 1) were very low (1 47 ± 
0 65% and 0 73 ± 0 13%, respectively) 
The average preinjection and postinjection Tree (38 32 ± 0 10°C and 38 39 ± 0 12°C 
respectively) were comparable (Fig 3 5) But the Tree was elevated for 15 min immediately 
after the administration of DMSO at the mPOA, and it had a peak value of 39 0°C 
Effect of yohimbine injection at the mPOA on sleep-wakefulness and rectal 
* temperature (group 4) 
Yohimbine, an aa antagonist, when administered at the mPOA produced sleep (Fig 3 7) 
This shift in S-W was significant from 20 to 120 min after the injection (Fig 3 5) 
Significant changes were also observed at 125-130, 150-155 and 160-165 min bins after 
that The ammals assumed a "curled-up" or "lying-straight" posture during sleep, induced 
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Fig 3.6 The graph shows the changes in different sleep-wakeful stages after injection 
of 25% DMSO (A) and yohimbine (B) at the mPOA in normal rats 
Injection point is indicated by an arrow. Data are mean ± SD. * p< 0.05, 
** p<0.01. 
Fig 3 7 The left tracing (1) shows EOG (O), EEG (E) and EMG (M) record, during 
dark period, from a awake rat before drug injection The tracings from the 
same rat, on the right side (2) obtained after 20 min of yohimbine injection, 
show induced slow wave sleep The timer (T) shows 1/sec signal 
Caliberation bar 600 |^ v (EOG), 300 |.iv (EEG), 150 [iw (EMG) 
Fig 3 8 Photograph showing rat sleepmg after injection of yohimbine into the mPOA 
\(^{'^MW,^-,''>•*.%, '»w,\.'>'-/W', v'^Wfi'iA.^W'^m-^f'^^ 
M (i|ii|il|i»|i(i||||<|i<<|li||lilniiUI>l iXHId^fi^^tt^ VW>>^'•*p<^^V^^W"^flW>w^^ti<^TW»«•^•yl|•^l#WVWl^lf^^p,^^ 
by yohimbine administration (Fig 3 8). PS, though rare, was also obtained at the rate of 1 96 
episodes per hour after the administration of this drug 
The rats spent only 29 48 ± 3 11% of postinjection recording time in wakefulness as 
compared to 77 71 ± 3 00% after DMSO administration in the control group The total 
recording time was predominantly spent in sleeping (70 48 ± 2 48%) 
Total amount of Wl after yohimbine mjection was significantly less (20 18 ± 1 27%) 
of the total recording time (Fig 3 6 and Table 3 1) Continuous bins of Wl from 20 to 115 
min, showed significant decrease, although significant changes in W2 were not observed in 
continuous bins The rats spent 9 30 ± 1 84% in W2 stage (Fig 3 6 and Table 3 1) There 
was a significant decrease in Wl from 20 to 115 min. Significant alteration was also 
observed at discontinuous bins at 125-130, 140-145, 150-155, 160-165 min and 170-175 min 
Although no significant changes in continuous bins were observed in W2 stage, at 65-70, 
85-95 and 130-135 min bins it showed significant alterations 
The ammals spent most of the postmjection time m SI stage (57 03 ± 0 97%)) of the total 
recording time (Fig 3 6 and Table 3 1) The data showed significant increase in S1 fi-om 15 
min to 115 min Some discontinuous bins thereafter at 140-145,150-155 and 160-165 min 
also showed significant increase The percentage of S2 stage was also increased (11 19 ± 
1 06%)) as compared to the DMSO group which had a value of 1 47 ± 0 65% (Fig 3 6 and 
Table 3 1) The increase was significant in continuous bins (fi^ om 90 to 110 min) during the 
latter part of the induced sleep, though some isolated bins before and after that were also 
significant The animals had spent a higher percentage of time in PS after yohimbine injection 
(2 26 ± 0 45%>) as compared to group 3 (0 73 ± 0 13%)) But this change was not significant, 
except during 70-75 min bin, when each bin was compared with controls 
There was no significant change in Tree when it was compared with that of group 3 (vehicle 
control) The increase in Tree, lasting for 15-20 min, immediately after the injection of 
yohimbine at the mPOA, was not significant (Fig 3 5) 
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Sleep-wakefulness and rectal temperature in the VNA lesioned rats 
The preinjection values of S-W stages of the VNA lesioned rats were comparable to those 
of the normal rats The differences during day and night recordings were also similar to 
those obtained in the normal rats The preinjection records, obtained during the light 
period, from groups 5 and 6, showed that the rats were awake for 54 25 ± 8 05% and 48 74 
± 6 94% of the time respectively Different components of S-W in groups 5 and 6 were also 
comparable A major part of the awake period was spent in Wl and sleep period in SI 
during the preinjection record On the other hand, 72 39 ± 9 38% and 81 56 ± 7 50% of 
the preinjection recording time at night was spent in wakefulness, by the rats of groups 
7 and 8, respectively A major part of the total sleep time was spent in SI stage by the 
animals of group 7 and 8 S2 was absent m both these groups and PS was recorded for a 
short period in DMSO group The preinjection Tree of the VNA lesioned rats were 
comparable to their respective control groups 
Effect of saline injection at the mPOA on sleep-wakefulness and rectal temperature 
(group 5) 
Injection of saline in the mPOA in the VNA lesioned rats also produced short-lasting 
arousal for about 10 min, after they were handled for injection These rats went back to 
the preinjection state after that period (Fig 3 9) 
There was no significant change in the different stages of S-W during the 180 min after 
postinjection as compared to the preinjection values (Table 3 1) On an average, these rats 
were awake for 47 72 ± 4 79% of the total postinjection recording time of 180 min (3 h) 
They spent 52 25 ± 5 58% of the remaining time in sleep Wl (Table 3 1 ) occupied most 
of the postinjection awake period (34 53 ± 2 76%) On the other hand, W2 was observed for 
only 13 19 ± 2 03% of the total recording time (Table 3 1) SI predominated the sleep period 
70 
Fig 3 9 The changes in temperature (Tree) and the awake period after injection of 
Saline (A) and clonidine (B) at the mPOA in VNA lesioned rats Injection 
point in indicated by an arrow Data are mean ± SD * p< 0 05, ** p<0 01 
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(Table 3.1) with 41.89 ± 3.61% of the recording time. Small percentages (7.31 ±1.44% 
and 3.05 ± 0.53% of the time respectively) of S2 and PS were also recorded (Table 3.1). 
Wl stage dominated the postinjection awake period and SI stage occupied most of the sleep 
period. 
The average Tree during preinjection (37.57 ± 0.29°C) and postinjection (37.61 ± 0.26°C) 
id not show any significant difference (Fig. 3.9). Tree was elevated (38.88°C) immediately 
after the injection, and it remained high for about 20-25 min. This period coincided with 
short-lasting arousal after the saline injection. 
Effect of clonidine injection at the mPOA on sleep-wakefulness and rectal 
temperature (group 6) 
The injection of clonidine in the mPOA in the VNA lesioned rats produced a reduction in the 
awake period (Fig 3.10) to 31.18 ± 4.13% unlike in the case of the normal rats (77.39 ± 
6.90%) where it produced arousal. The total sleep period (68.78 ± 4.64%)) was significantly 
increased in these rats when compared to saline control rats (52.25 ± 5.58%). 
The different stages of S-W were compared with saline control group to find out the 
component of these S-W stages which were significantly affected. The mean value ofWl 
as significantly less (22.35 ± 2.20%) than the saline control value (34.53 ± 2.76%). 
Reduction in W2 (8.83 ± 1.93%) was not significant (Fig 3.10 and Table 3.1) except 
during an isolated bin at 5-10 min as compared to the saline control group (13.19 ± 2.03%). 
On the other hand, the total percentage of time that the rats spent in SI after clonidine 
injection was significantly high as compared to that spent by the saline control group (Fig 
3.10 and Table 3.1). Total percentage time the rats spent in SI after the injection was about 
66.52 ± 3.72% as compared to 41.89 ± 3.61% in the saline control group. The percentage 
of S2 during the entire postinjection period, in both the clonidine group and saline 
group, were not significant (1.57 ± 0.58% and 7,31 ± 1.44% respectively). There was 
significant decrease at some isolated bins (Fig 3.10 and Table 3.1). The rats spent about 0.69 
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Fig 3 10 The graph shows the changes in different sleep-wakeful stages after injection 
of clonidine (A) and yohimbine (B) at the mPOA in VNA lesioned rats 
Injection point is indicated by an arrow Data are mean ± SD * p< 0 05, 
**p<001 
± 0.34% of the postinjection period in PS stage, which was not significantly different fi-om 
the control. 
There was a significant reduction in Tree immediately after cionidine injection in these rats. 
Hypothermia was observed fi-om 0-155 min (Fig 3.9). The nadir was at 50-55 min. The 
mean temperature at this point was 35.16°C, After that the temperature slowly began to rise 
and came back to normal at 155 min. 
Effect of DMSO injection at the mPOA on sleep-wakefulness and rectal temperature 
(group 7) 
Administration of 25% DMSO (vehicle of yohimbine) in the VNA lesioned rats produced no 
change in S-W (Fig 3.11). The values of different stages of S-W before and after DMSO 
injection were comparable (Table 3.1 ). The basal recording of S-W during the night 
(DMSO was injected during the dark period), showed that the rats were awake for 72.70 ± 
4.43% of the total recording time as compared to 47.72 ± 4.79% during the day (saline 
group). On the other hand, on an average, it was asleep only for 25.53 ± 3.69% of the 
recording time during the night as compared to 52.25 ± 5.58% during the light period. 60.50 
± 3.43% of this awake period was spent in Wl stage (Table 3.1) and the rest 12.20 ± 1.00% 
was spent in W2 stage (Table 3.1) 23.04 ± 2.85% of the sleep period was occupied by SI 
stage (Table 3.1). The time spent in S2 stage (Table 3.1) and PS stage (Table 3.1) were 
very low (1.57 ±0.59% and 0.92 ±0.25% were spent in S2 and PS respectively). Awake 
period was predominantly occupied by Wl stage. 
' The average preinjection (38.37 ± 0.21°C) and postinjection (38.41 ± 0.18°C) Tree were 
comparable (Fig 3.11). Tree was elevated (38.98°C) for 15-20 min immediately after the 
administration of DMSO at the mPOA. 
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Fig 3.11 The changes in temperature (Tree) and the awake period after injection of 
25 % DMSO (A) and yohimbine (B) at the mPOA in VNA lesioned rats. 
Injection point in indicated by an arrow. Data are mean ± SD. * p< 0.05, 
** p<0.01. 
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Fig 3,12 Photomicrograph of rat brain section at the level of free mPOA, below the 
anterior commissure , showing fluorescent catecholaminergic terminals after 
glyoxylic acid staining (A). This normal brain was stained along with the 
brain of the experimental animal which received bilateral injection of 6-
OHDA at the VNA. Disappearance of fluorescence in the 6-OHDA treated 
rats indicates total destruction of CA terminals (B) ac- anterior commissure 
Scale bar - 50 |am. 
Effect of Yohimbine injection at the mPOA on sleep-wakefulness and rectal 
temperature (group 8) 
The injection of yohimbine in this group did not produce any significant change in S-W (Fig 
3 11) 69 52 ±5 02% of the total time was spent in wafefiilness as compared to 72.70 ± 
4 43% of its control Wl showed a significant decrease in isolated bins at 30-35 min, 130-
135 min and 150-155 min 58 0 ± 2 88% of the time was spent in Wl There was no 
significant change in W2 throughout the recording period, except during 130-135 min. 
The animals spent in W2 for 11 52 ± 2 14% of the total time. There was a significant 
increase in SI stage at some discontinuous bins but the total period spent was not significant 
when compared with its control (30 45 ± 0 96% and 23.04 ± 2.85%) respectively (Fig 
3 10 and Table 3.1) No S2 and PS stages were recorded during the entire experimental 
recording period 
There was no significant change in the Tree afl;er administration of yohimbine The 
increase in Tree for 15-20 min immediately after the administration of yohimbine at the 
mPOA was not significant, when compared to control injection (Fig 3 11). 
Histology 
Clonidine, yohimbine, saline and DMSO injection sites were confirmed histologically at the 
mPOA. There was significant reduction in catecholaminergic fluorescence below anterior 
commissure and the preoptic area (POA) indicating a near total destruction of the 
noradrenergic terminals, in the rats of groups 5 to 8 (Fig 3.12). On the other hand, in the 
control animals, a high degree of fluorescence was observed at the ventral part of the 
anterior commissure. Fluorescence was also observed throughout the POA, especially in the 
medial part, near the ventricles and above the optic chiasma, in addition to regions like 
the cortex 
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DISCUSSION 
Chapter 4 
DISCUSSION 
The administration of cionidine and yohimbine at the mPOA produced arousal and sleep 
respectively in normal rats, but these responses were very much attenuated in the VNA 
lesioned rats. Drug induced changes in S-W were not accompanied by Tree alterations, 
except in the VNA lesioned rats where cionidine produced hypothermia along with mild 
hypnogenesis. 
Techniques employed in the study 
Intracerebral injection study has been found to be an extremely useful in understanding 
the heterogeneous functions of different regions of the brain and also for identifying the 
receptors and transmitters involved in various regulatory functions. Strict precautions were 
observed and adhered to when performing these studies to minimize the limitations of this 
technique. First of all, the experiments were carried out only after the animals had completely 
recovered from the surgical trauma. No animal was used for more than one injection. The 
volumeofthedruginjected waskept at 0.2^1, which is very small and it would produce 
least amount of destruction of the injection site (Rottenberg, 1970). The animals were 
handled gently while performing the injection, so that they would not be disturbed. 
74 
Role of a adrenergic receptors in the mPOA in S-W 
Clonidine administration at the mPOA produced increased wakefialness in normal rats, 
and no arousal was observed in animals in which presynaptic adrenergic terminals were 
removed. So, it can be assumed that the increased wakefulness was produced by the 
action of this drug on the presynaptic receptors in normal rats. Similarly, yohimbine 
induced sleep by its action on the presynaptic terminals, as the effect was attenuated after 
the VNA lesion. Thus, the observations in the VNA lesioned rats further confirmed the 
earlier contention that these responses are mediated through presynaptic 0:2 terminals 
(Kumar et ai, 1993; Ramesh et ai, 1995). 
Dissociation between EEG changes and other non-EEG parameters after clonidine 
injection may be due to the alteration of the firing of cortical neurons, through already 
demonstrated preoptico-cortical connections (Canedo et a/., 1978; Palkovitz and Zaborszky 
1979), which may be playing a role in the cortical synchronization. Clonidine induced 
increase in wakefulness was not associated with increased locomotor activity. Dissociation 
between wakefulness and activity was also observed after administration of 5-HT at the 
mPOA (Datta et al., 1987). 
Earlier studies showed that the injection of NE at the mPOA produced arousal and that the o 
receptors were involved in this response (Datta et al., 1988; Kumar et al., 1986). NE can act 
on both the presynaptic and postsynaptic receptors (Kumar et al., 1986). It was later shown 
that the administration of NE did not induce arousal when the NE fibres in the mPOAwere 
lesioned (Kumar et a/., 1993). These findings indicate that the action of NE on the 
presynaptic 0:2 receptors induce arousal in normal animals. This assumption was fiirther 
supported by the finding that the ai agonist, clonidine, also produced arousal when 
applied at the mPOA (Ramesh et al., 1995). a2 receptors are primarily present on the 
presynaptic noradrenergic terminals (Langer 1981; Starke 1987). The presynaptic site of 
action of clonidine is confirmed in this study. 
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Stimulation of a^ receptors, in normal animals, by externally applied NE and clonidine, 
would produce decreased release ofendogenousNE from the presynaptic terminals (Starke 
1987). So, it is very likely that the decreased release of endogenous NE produced arousal 
in normal animals. 
There were some differences in the action of NE and clonidine in the VNA lesioned 
rats. Though neither of them produced arousal in the lesioned animals, NE had a 
strong hypnogenic action. This could be attributed to the action of NE on the postsynaptic 
terminals, probably through a\ receptors, Clonidine does not have any effect on the a\ 
receptors. Mild hypnogenic action of clonidine after the VNA lesion could be explained as 
a non-specific response of hypersensitive postsynaptic membrane (Garcia-Ladona et 
a/., 1993). These results also indicate that the normal function of noradrenergic terminals at 
the mPOA, is induction of sleep. 
No changes in S-W was observed after the VNA lesion, though destruction of noradrenergic 
terminals at the mPOA produced an increase in wakefijlness (Kumar e/a/., 1993). The lesion 
of the VNA, however, is not comparable to the lesion of noradrenergic terminals at the 
mPOA, as the VNA supplies noradrenergic fibres to several other areas of the hypothalamus 
and basal forebrain, apart from the mPOA. So, it is possible that the effect of destruction 
of the noradrenergic terminals at the mPOA may be compensated for by the degeneration of 
these fibres in some of the above mentioned regions (Jones et al, 1973), where it would be 
having an opposite effect. It is assumed that the destruction of noradrenergic terminals at the 
mPOA is responsible for the changed effects of drug application at the mPOA in the 
VNA lesioned rats. 
Interaction between S-W and Tree changes 
The ineffectiveness of clonidine in producing any change in Tree confirms an earlier report 
(Tsoucaris-Kupfer and Schmitt 1972), though it contradicts some other reports where it 
was shown to produce hypothermia (Maskrey et ai, 1970; Romanovsky et al., 1993). But, in 
this report hypothermia was produced by clonidine when it was applied at the mPOA after 
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noradrenergic fibre denervation. Denervation hypersensitivity might have been responsible 
for the hypothermic response induced in the VNA lesioned rats (Garcia-Ladona et 
ai, 1993). The observations of Tree changes in VNA lesioned rats could be taken to indicate 
that the presynaptic receptors are not involved in thermal changes. It is worth noting that 
yohimbine did not produce any change in Tree, either in normal rats or in the VNA 
lesioned rats. A previous report also showed that the injection of yohimbine caused no 
change in body temperature in normal rats (Papeschi et al., 1971). 
The small increase in temperature immediately after the administration of saline, DMSO, 
yohimbine and clonidine (except for group 5 rats) is a non-specific effect brought about by 
the handling of the animal (Datta et al., 1988). It can be seen that this period also coincided 
with an increase in Wl. This is the only interrelated change in S-W and Tree, observed 
during this study. The findings on clonidine and yohimbine treated rats indicate that the S-
W changes produced by a2 agents are not dependent on the thermal changes. 
The significant alteration of sleep and wakefiilness, in discontinuous bins, may not be 
due to the effect of drug injection. These changes could be attributed to the coincidence of 
random changes due to inherent polycyclic sleep pattern of rats. Hence, they were not given 
importance. 
Comparison with previous studies 
Long periods of preinjection record (for 90 min) were taken in this study, unlike some of the 
earlier reports (Datta e/a/., 1987, Datta e? a/., 1988, Kumar e< a/., 1984; Ramesh et al., 
1995), to minimize the preinjection bias. These long preinjection records had given control 
values, which are better suited for comparing with the postinjection readings. The 
postinjection recording, lasting for 180 min, not only provided information about the time 
course of action of any drug, but it also provided a scope for observing the effects which 
would have been missed in shorter periods of recordings (Ramesh et al., 1995). 
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Unlike many earlier reports (Datta et a/., 1987; Datta et al., 1988; Kumar et a/., 1984; 
Ramesh et al., 1995), where S-W was analysed into two or three stages only, using the 
criteria of Timo-Iaria et a/.,(1970) it was divided into five different stages (John et 
a/., 1994) in this study. This provided an opportunity to identify the components of S-W 
which were affected by the drugs. Detailed analysis of S-W in the present study had shown 
that the increase in wakefulness by administration of clonidine was primarily due to an 
increase in quiet wakefulness. Injection of yohimbine, an az antagonist, induced an increase 
in SI, and later increase in S2. The sleep induced by yohimbine resembled normal sleep as 
the slow wave sleep was interposed, with PS. PS also showed an increase after 
yohimbine administration. But the wakefulness produced by clonidine, cannot be described as 
a normal state. In addition to the EEG dissociation, other changes like dilated pupil make 
it difficult to be considered as a normal wakefulness. Clonidine produce EEG 
synchronization with eyes open even after intraventricular injection (Holmane^ a/., 1971). 
The synchronized EEG waves, obtained after injection of clonidine, might have been 
responsible for the earlier report which claimed that this drug induced sleep, when given at 
the mPOA during night (Mallick and Alam, 1992). It is difficult to explain the reasons why 
yohimbine produced opposite effects in their study. 
Administration of 6-OHDA at the VNA had removed most of the noradrenergic terminals 
from the mPOA in animals of groups 5 to 8 ( Fig 3.12). Most of the noradrenergic fibres 
coming to the mPOA travel via the VNA (Anden et al., 1966; Palkovitz et al., 1974; 
Palkovitz and Zaborszky 1979; Swanson and Hartman 1975) and local administration of 6-
OHDA at concentration of 8 i^g did produce degeneration of NE fibres which project to the 
hypothalamus and basal forebrain including the POA (Kumar et al., 1993). 
Separate noradrenergic inputs on temperature and sleep regulating neurons: 
a hypothesis 
It has been already demonstrated that there are different populations of neurons in the 
mPOA for the regulation of sleep (Osaka and Matsumura 1994; 1995) and body temperature 
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(Hori 1991; Schmid etai, 1993; Schmidek e?a/., 1972). From results discussed earlier, it 
can be assumed that the NE terminals, when activated, bring about sleep and hypothermia. 
It can be postulated that there are also two separate groups of afferent noradrenergic 
inputs, ending on the mPOA neurons. One of them, terminating on sleep inducing neurons, 
is tonically active during sleep. Those afferents which synapses on the temperature 
regulatory neurons can be assumed to be normally inactive, at the thermoneutral ambient 
temperature (Fig 4.1). 
Clonidine (a2 agonist) injection into the mPOA, in normal rats, resuhed in the activation of 
presynaptic aa receptors, on both the groups of noradrenergic aflferents, but it brought about 
decreased release of endogenous NE on those neurons in which there was a tonic release. 
This decreased release of endogenous NE produced arousal in sleeping animals (Ramesh et 
ai, 1995). Clonidine also acted on the inactive terminals which synapses on the temperature 
regulatory neurons. Since these fibres normally secrete very little NE, there was no 
change in the body temperature when this drug was applied (Fig 4.2). On the other hand, 
clonidine, when injected into the VNA lesioned rats, could not act on the presynaptic 
receptors, as the noradrenergic fibres had degenerated in these arimals. But it could have 
direct action on the hypersensitive postsynaptic a receptors (Fig 4.2). The postsynaptic 
membranes are usually hypersensitive after denervation (Garcia- Ladona et ai, 1993). 
Direct activation of these receptors, induced sleep and hypothermia in the VNA lesioned 
rats. 
Yohimbine, an ai antagonist, blocks the presynaptic receptors and facilitates the 
release of endogenous NE. Postsynaptic action of the released NE on ai receptors, 
induces sleep in normal animals (Kumar et a/., 1993; Ramesh et al, 1995). Yohimbine 
failed to exert facilitated release of NE fi-om those fibres which synapses on to the 
temperature regulatory neurons, since they are normally inactive. Hence, there was no 
change in the body temperature on application of this drug (Fig 4.3). On the other hand, 
yohimbine injection caused no change in S-W and body temperature in the VNA lesioned rats 
as there were fewer a2 receptors, at the site of application, in these animals (Fig 4.3). 
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Though the a2 receptors, predominantly present on presynaptic membranes, which 
were the primary sites of action of clonidine and yohimbine, they were also found to some 
extent, on postsynaptic membranes and glial cells (Arbilla and Langer 1990; Bockaert et 
al.,1990). It is possible that the drugs administered at the mPOA, might have acted act on 
these additional receptors. The glial-neuronal interaction and postsynaptic membrane 
receptors may have also contributed towards some of the observed responses. 
Thus, it can be concluded that the activation of presynaptic QL^ adrenergic receptors at the 
mPOA induces wakefulness, whereas its blocking produces sleep. Postsynaptically, ai 
receptors are probably involved in hypnogenesis and lowering of the body temperature. 
The study also shows the importance of the mPOA, in the regulation of sleep, wakefulness 
and thermoregulation. 
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MAJOR CONTRIBUTIONS 
MAJOR CONTRIBUTIONS 
1. Clonidine, an a2 agonist, produced arousal in normal rats. Behavioural arousal 
produced by chonidine administration was accompanied by E£G synchronization. 
In VNA lesioned rats, this drug, induced sedation. Clonidine did not alter the rectal 
temperature in normal rats but it induced hypothermia in VNA lesioned rats. 
2. Yohimbine, an oia antagonist, produced sleep in normal rats. However, the sleep 
inducing effect of this drug was very much attenuated in the VNA lesioned animals. 
There was no significant change in body temperature, in both the normal and 
lesioned animals, after yohimbine administration. 
3. The study indicates the role of presynaptic a.i adrenergic receptors in arousal 
response and indirectly supports the contention that the ai postsynaptic receptors 
at the mPOA are involved in hypnogenesis. 
4. It also suggests that the thermal charges induced by adrenergic system are mediated 
through ai postsynaptic receptors. But the thermal charges do not contribute 
towards the induced alteration in S-W. 
5 It is proposed that there should be separate set of NA terminals for the regulation of 
sleep and body temperature. 
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PART II 
TOTAL SLEEP DEPRIVATION STUDIES 
INTRODUCTION 
Chapter 1 
INTRODUCTION 
Intracerebral microinjection, unit recording, stimulation and lesioning, have shown the role 
of the medial preoptic area(mPOA) in the regulation of sleep (Nauta, 1946; Sterman and 
Clemente, 1962; Findlay and Hayward, 1969; Parmeggiani et ai, 1974; Benedek et 
a/., 1979; Mallick et a/., 1983; Kumar et ai, 1984, 1986, 1993; Datta et cr/.,1988; John et 
al.,1994, Koyamaand Hayaishi, 1994; Alam e/a/.,1995; Ramesh et al., 1995; Ramesh 
and Kumar, 1998). The mPOA receives noradrenergic, dopaminergic and serotonergic 
afferent inputs (Anden et al., 1966; Palkovits and Zaborszky, 1979). The noradrenergic 
fibres have been shown to play a hypnogenic role at the level of the mPOA, whereas the 
role played by the other monoaminergic fibres in the regulation of sleep-wakefulness (S-W) 
is still debated (Kumar et al., 1993; Ramesh e? a/., 1995; Sood etal., 1997; Ramesh and 
Kumar, 1998). The noradrenergic system is shown to be essential for sleep as lesioning the 
locus ceruleus with DSP-4, produced a significant decrease in the sleep rebound after sleep 
deprivation (Gonzalez et a/., 1996). It was suggested that the noradrenergic inputs to the 
mPOA promotes sleep as destruction of the noradrenergic fibres in the mPOA produces an 
increase in wakefialness (Kumar era/., 1993). Sleep induced by the local administration of 
adrenergic agents fijrther supports this contention (Kumar et al., 1993; Ramesh et 
al.,1995; Ramesh and Kumar, 1998). Destruction of dopaminergic fibres at the mPOA, did 
not produce any change in S-W (Kumar et al., 1993). Though serotonin (5-HT) had 
been implicated in the genesis of sleep, local application of this transmitter at the mPOA 
failed to produce any alteration in S-W (Yamaguchi et a/., 1963; Marley and Whelan, 1975; 
Datta e/a/., 1987). The probable involvement of these monoaminergic systems, at the 
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level of the mPOA, in the regulation of sleep could be further investigated by assessing 
the levels of noradrenaline (NA), dopamine (DA) and 5-HT in this area after sleep 
deprivation. It has been reported that the deprivation of sleep produced alterations in NA, 
DA and 5-HT levels in various regions of the brain including hypothalamus (Asikainen ef 
ai, 1995; Porkka-Heiskaness et al, 1995; Farooqui et al, 1996). If some of these monoamines 
are involved in the regulation of sleep, at the level of the mPO A, their levels are likely to be 
altered in this region after sleep deprivation. 
Morphological study of dendritic spines could also give information about the altered 
transmitter activity during sleep deprivation. Excessive synaptic activity had been shown 
to increase the spine density in the neocortex and mPOA (Globus and Scheibel, 1966; 
Valverde, 1967; Sanchez-Toscanoef a/., 1991). If there is any alteration in the release of 
some of these monoaminergic transmitters, during sleep deprivation, it is likely to 
produce an alteration in the spine density at the mPOA. So, in this study, in addition to the 
levels of monoamines, the spine density of the neurons in the mPO A was studied after total 
sleep deprivation (TSD). The resuhs from the sleep deprived animals were compared with 
the control groups which were not subjected to TSD. The transmitter levels and the 
morphology of the motor cortex, were also studied to get an idea about the regional 
specificity of the induced changes. 
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MATERIALS AND METHODS 
Chapter 2 
MATERIALS AND METHODS 
The experimental rats were deprived of total sleep, by putting them in slowly rotating 
sleep deprivation chamber. In one set of experiments the changes in dendritic arborization 
and dendritic spines were assessed and in the other set monoaminergic 
neurotransmitters, NA, DA and 5-HT along with their metabolites DOPAC and 5-HIAA were 
estimated by HPLC. 
Animals 
Male Wistar rats weighing between 225-275 g, bred and reared in the Central Animal 
Research Facility of National Institute of Mental Heahh and Neurosciences, Bangalore were 
used in this study. They were labelled and housed in separate polyethylene cages (35 x 
24 X 14.5 cm), with paddy husk for warmth, in the Departmental animal house, having 
controlled room temperature (26 ± TC) and 14 h light (5.00 h - 19.00 h) and 10 h dark 
schedule. They were provided with rat food (Lab Chow, Hindustan Lever, India), soaked 
grams and water ad libitum. The husk bedding was changed every day. 
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Sleep Deprivation Chamber 
It was a round, wire meshed chamber of radius 12 cm, which is fixed on to a slow rotating 
motor (1 rev/45 min), as per criteria (Borbely and Neuhaus, 1979) and fabricated by 
Nirmal International, India (Fig 2 1) It had a central hole through which water tube was 
passed and rats could drink from it even when the chamber is rotating Food (Lab Chow, 
Hindustan Lever, India), was placed in the chamber, for consumption by the rats ad libitum 
Selection of animals for the experiments 
Healthy normal Wistar male rats, weighing between 225-275 g, were selected Those rats 
which had regular pattern of food and water intake were taken Rats with middle ear 
infection, abnormally high body temperature were not used for the study 
The materials and methods has been discussed under the following headings 
EXPERIMENT I : ESTIMATION OF BIOGENIC AMINES 
MATERIALS 
1 Ethylene diamine tetraacetic acid (EDTA) 
2 Heptane sulfonic acid (HSA) 
3 Isoproterenol hydrochloride (IP) 
4 Dibutylamine 
5 Hydrochloric acid 
6 Methanol 
7 Orthophosphoric acid 
8 Perchloric acid (60 %, PCA) 
9 Sodium acetate 
Chemicals from 4 to 9 were of analytical grade 
- Sigma, USA 
- Sigma, USA 
- Sigma, USA 
- S D Fine, India 
- Glaxo, India 
- Merk, India 
- S D Fine India 
- S D Fine, India 
- S D Fme, India 
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Fig. 2.1 Photograph showing rat in the sleep deprivation chamber. 
Fig. 2.2 Photograph showing High performance Liquid Chromatography 
(HPLC) with Hitachi Fluorescence Spectrophotometer. 
*^^- ^ ^ - ^ i ^ 
The levels of noradrenaline (NA), dopamine (DA) and 5- hydroxy tryptamine (5-HT) 
were estimated by high performance liquid chromatography with Fluorimetric detection 
(HPLC-FD) 
APPARATUS 
The HPLC system (Fig 2 2) consisted of 
1 Delivery pump (model ERC - 8710, Erma Optical Works, Japan) 
2 Reverse phase analytical column (Ultracarb, 3 um ODS, 150 x 4 6 um, Phenomenex, 
USA) 
3 Guard column (Ultracarb, 3 um ODS, 3 0 x 4 6 mm, Phenomenex, USA) 
4 Degasser (ERC - 3310, Erma Optical Works, Japan) 
5 Xenon lamp power supply (Hitachi, Japan) 
6 Fluorescence spectrophotometer (Hitachi, model 650-40, Japan) 
7 Recorder (Sekomc SS - lOOF, Japan) 
PROCEDURE FOR ESTIMATION OF BIOGENIC AMINES 
The estimation of biogenic amines was carried out according to the methodology modified by 
Lakshmana and Raju (1994) 
Preparation of Reagents 
1 0 IM perchloric acid (PCA, mol. wt = 100 46) was prepared by dissolving 10 8 ml of 
commercially available 60% PC A in one litre of quarts distilled water (QDW) 
2 0 02M sodium acetate (mol wt = 82 03) was prepared by dissolving 1 64 g of 
sodium acetate in 1 liter of QDW 
3 0 1375% W/V Heptane sulfonic acid (HSA, mol wt = 202 24) was prepared by 
dissolving 1 375 g of HSA in 1 litre of QDW 
4 16%) V/V methanol was prepared by mixing 160 ml of methanol in 840 ml of QDW 
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5. 0.1 mM ethylene diamine tetra acetic acid (EDTA, mol. wt = 372.2) was prepared 
by dissolving 37.2 mg of EDT A, disodium salt in 1 liter of QDW. 
Chromatographic conditions 
Sodium acetate buffer with low molarity was used as comparision of five types of 
buffers, showed higher fluorescence units for monoamines with lower molarity of sodium 
acetate Vander Hoom et ai, (1989). The mobile phase consisted of sodium acetate 
(0.02M), methanol (16% V/V), HSA (0,1375%), EDTA (0.2mM) and dibutylamine (0.01%, 
VA^). The pH was adjusted to 3.92 ± 0.01 with orthophosphoric acid and filtered through 
0.45 |am membrane (Sartorius) and degassed. The flow rate was set to 0.9 ml/ min, which 
yielded a pressure of 125-130 kg/cm2. 
The column was washed with QDW and with 80% methanol. Aflierwards, it was 
equilibrated with the sodium acetate buffer, for atleast 24 h before injecting 
standards/samples. 
Protocol 
The 12 rats were randomly divided into two groups (Control group and total sleep 
deprivation (TSD) group) of six each. Summary of the protocol is given in Table 2.1. All 
animals in the TSD group were allowed to get acquainted with the sleep deprivation 
chamber. The rats pf the experimental group were then subjected to 48 h TSD starting fi-om 
19.00 h, by putting them in a slow-rotating (1 rev/45sec) sleep deprivation chamber as 
* described else where (Borbely and Neuhaus, 1979). The rats were deeply anesthetized with 
ether in an anesthetizing chamber and decapitated quickly. The brain was exposed by an 
incision along the midline of the skull. A small amount of fixative was poured on the 
exposed brain immediately. The POA region was dissected out fi^om the ventral brain, on an 
ice-cold petridish. The POA was removed by giving a rostral coronal cut at the level of 
the bifurcation of the anterior cerebral artery, a parallel cut approximately 1 mm caudal 
to this, two sagittal cuts 0.5 mm lateral to either side of the midline, and a final 1 mm 
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Table 2.1 
Experimental procedure 
SI No 
1 
2 
3 
4 
Days 
1 
2 
3-5 
5 
Time 
10 30-15 30 
20 00-01 00 
19 00-19 00 
(Two days) 
19 00-21 00 
Experimental procedure 
Selection of animal, labelling and housing them 
separately 
Familiarising the animal with the sleep deprivation 
chamber 
Animal was sleep deprived in sleep deprivation 
chamber for 48 hours 
Animal decapitated and the tissue processed for the 
estimation of monoamines and it matabolites by 
HPLC Control animal was also sacrificed along with 
the experimental animal 
deep undercut. Motor cortex corresponding to the area 4 of the rat brain (Vogt and 
IVIiller, 1988) was also dissected out in these rats. The rats from the control group, which 
were not subjected to TSD, but were maintained under the identical laboratory 
conditions were also sacrificed, and the POA and motor cortex dissected out. The POA 
was weighed and prepared for the estimation of monoamines. 
Sample preparation 
The rats were decapitated and their heads were put into ice-cold O.IM PC A. Anaesthesia 
was not used as it altered the levels of brain amines (Vogt, 1954; Schanberg, et al., 1967). 
Immediately the brains were removed and the POA region was dissected out, as mentioned 
above. The POA was weighed and homogenized in 1ml of O.IM PC A. After centrifligation 
at 14,000 rpm for 15 min at 4 °C, the supernatant was filtered through 0.45 [im membrane 
(Sartorius) and 100 [xl of the filtrate was injected into the HPLC pump. After separation NA, 
DA, isoproterenol (IP) and 5-HT were detected at the excitation wavelength of 280 ran and 
an emission wavelength of 315 nm, while keeping the slit width 10/10. 
All separations were isocratic and were carried out at room temperature. The peaks of the 
amines were plotted by a recorder (Sekonic) on a chart paper running at a speed of 2.5 mm/ 
min. The biogenic amine peaks were identified by comparing the retention period of the 
peaks with that of external standards. The external standards were always injected before 
injecting the tissue samples. 
Standards 
Stock solution of standards (Img/ml) were prepared in O.IN hydrochloric acid, stored at 
-20 °C and used within two weeks of preparation. The working standard solution was 
prepared freshly in O.IM PC A for each experiment. The amount of standard was 3 ng per 
100 |al of injection volume for each NA, DA, IP and 5-HT. Monoamine peaks were 
identified by comparing their retention time in the sample (tissue extracts) solution with that 
of standard solution and also by superimposing the chromatograms on the sample spikes 
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with and without known amount of the standards. The metabolites of these monoamines, 
DOPAC and 5-HIAA were also identified. 
Calculations 
Monoamines contents in the tissues were quantified by comparing the peak heights with 
that of the known standards and also with a correction factor for the recovery of internal 
standard. The fluorescence units obtained fi^om brain tissue samples were converted into 
nanograms per gram wet tissue using the following formula (Lakshmana and Raju, 1994). 
IS AT 3 1000 
IT AS 100 X 
where, 
IS = Fluorescence units for 3 ngs of isoproterenol standard 
IT = Fluorescence units for 3 ngs of isoproterenol in tissue 
AT = Fluorescence units of amine in the tissue 
AS = Fluorescence units of 3 ngs of amine in standard 
3 = ngs of amine standard injected 
100 = Volume of sample injected in ^1 
1000 = Conversion factor for gram wet weight tissue 
X = weight of tissue in gram 
LINEAR REGRESSION CURVES 
Linear regression curves were obtained fi^om the fluorescence units by successively increasing 
the concentrations of NA, DA and 5-HT. The concentrations used were 250, 500, 1000, 2000 
and 3000 pg. Regression coefficients obtained for NA, DA and 5-HT were 0.9999, 0.9989 
and 0.9999 respectively (Fig. 2.3). 
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Fig. 2.3 Linear regression curves fro NA, DA & 5-HT obtained by using different 
concentrations. Regression coefficients obtained for NA, DA & 5-HT were 
0.9999, 0.9989 and 0.9999 respectively. 
Chromatograms of amines and isoproterenol of 250, 500 and 1000 pg/100 i^ l 
concentrations are shown in (Fig. 2.4). Typical tissue chromatograms of POA and 
striatum (as control) are represented in Fig. 2.5. 
MINIMUM DETECTION LIMITS 
The high efficiency of the HPLC separation of biogenic amines combined with the 
sensitivity of flurometric monitoring enabled the detection at picogram range. With 
these chromatographic conditions, it was possible to detect the levels of NA, DA, IP and 5-
HT at 250 pg range, in less than 30 min in rat brain regions in a single chromatographic 
run. This sensitivity was found adequate for the analysis of these compounds in tissue 
extracts. 
A major advantage of the present procedure (isocratic HPLC-FD method) is the ease of 
sample preparation which reduced assay time and minimised the chance for technical 
errors. The separations were achieved at room temperature of 25 ± 1 °C and use of special 
monitors for column temperature were not required. 
STATISTICAL ANALYSIS 
Each parameter of data of the control group was compared with TSD group by Two tailed 
student's t-test. 
EXPERIMENT n: QUANTITATIVE GOLGI STUDIES 
MATERIALS 
1, Potassium dichromate 
2. Chloral hydrate 
3. Formaldehyde (40%) 
4. Gluteraldehyde (25%, EM grade) 
5. Dimethyl sulphoxide (DMSO) 
- Glaxo, India 
- Reidel Merk, Germany 
- BDH, India 
- Fluka, India 
- Sigma, USA 
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6. Ethanol - Local Supply 
7. Xylene - BDH, India 
8. Distyrene phosphate Xylene (DPX) - BDH, India 
9. Glass slides (75mm x 25mm) - Blue Star, India 
10. Coverslips (40mm x 22mm) - Blue Star, India 
11. Paraffin wax (M.P. 52-54 °C) - BDH, India 
12. Silver nitrate - BDH, India 
All of these chemicals were of analytical grade. 
INSTRUMENTS 
1. Sledge/sliding microtome - Inco, India 
2. Lancer Vibratome - Oxford, UK 
3. Leitz microscope - Leitz, Germany 
4. Olympus microscope - Olumpus, Japan 
5. Camera lucida system - Olympus, Japan 
PROCEDURE FOR PROCESSING THE TISSUE FOR RAPED GOLGI STAINING 
The tissues were processed according to the method by GundappaandDesiraju(1988). 
Preparation of Golgi fixative 
Potassium dichromate 
Chloral hydrate 
Glutaraldehyde 
Formaldehyde 
Dimethyl sulfoxide 
- 5 g 
- 5g 
- 8ml 
- 6ml 
- 10 drops 
All these chemicals were dissolved in 100 ml Of distilled water. 
Impregnation solution (0.75% Silver nitrate) 
750 mg of silver nitrate (AgNOs) was dissolved in 100 ml distilled water. 
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Protocol 
The 12 rats were randomly divided euually into one control group and one total sleep 
deprivation (TSD) group. Summary of the protocol is given in Table 2.2. All animals in the 
TSD group were allowed to get acquainted with the sleep deprivation chamber. They were 
then subjected to 48 h of TSD starting from 19.00 h, by putting them in a slow-rotating 
(1 rev/45 sec) sleep deprivation chamber as described elsewhere (Borbely and Neuhaus, 
1979). The rats were deeply anesthetized with ether in an anesthetizing chamber and 
decapitated quickly. The brain was exposed by an incision along the midline of the skull. A 
small amount of fixative was poured on the exposed brain immediately. The POA region 
was dissected out from the ventral brain, on an ice-cold petridish. The POA was removed 
by giving a rostral coronal cut at the level of the bifurcation of the anterior cerebral 
artery, a parallel cut approximately 1 mm caudal to this, two sagittal cuts 0.5 mm lateral 
to either side of the midline, and a final 1 mm deep undercut. Motor cortex 
corresponding to the area 4 of the rat brain (Vogt and Miller, 1988) was also dissected out 
in these rats. The rats from the control group, which were not subjected to TSD, but 
maintained under identical laboratory conditions were also sacrificed, and the POA and 
motor cortex dissected out. Both the tissues were then processed for Golgi staining. 
Tissue Processing 
The motor cortex and the POA from both the hemispheres were dissected out as described 
above. The motor cortex and the POA were cut into blocks of not more than 2-3 mm .^ All 
tissues were transferred to 25 ml of the fixative in an amber coloured bottle. The tissue was 
then processed as described below: 
1st Day : 60 ml of the fixative was prepared and about 25 ml of the fixative was poured 
into an amber bottle and the tissue blocks of motor cortex and the POA put into it. The 
bottle was closed tightly with a lid and kept in the dark chamber. The remaining 35 ml of the 
fixative was stored in the refrigerator. 
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Table 2.2 
Experimental procedure 
SI No 
1 
2 
3 
4 
5 
6 
7 
8 
Days 
1 
2 
3-5 
5 
6 
7 
9-11 
12 
Time 
-
10 30-15 30 
20 00-01 00 
19 00-19 00 
(Two days) 
19 00-21 00 
19 00 
19 00 
19 00 
9 30- 16 30 
Experimental procedure 
Selection of animal, labelling and housing them 
separately 
Familiarising the animal with the sleep deprivation 
chamber 
Animal was sleep deprived in sleep deprivation 
chamber for 48 hours 
Animal decapitated and processed for rapid Golgi 
staining Control animal was also sacrificed along 
with the experimental animal Tissue put in freshly 
prepared fixative 
Tissue transfered to remaining previous day's 
fixative 
Tissue tranfered to freshly prepared fixative 
Silver impregnation by AgNOs 
Tissue embedding, sectioning, clearing and mounting 
2nd Day : The fixative in which the tissue was immersed in the previous day was slowly 
poured out. The tissues were rinsed by adding a small amount of fixative (of 1st day which 
was stored), and the remaining fixative (1st day's) was poured into the bottle containing the 
tissue and kept in the dark chamber. 
3rd Day : 40 ml of the fixative was fi-eshly prepared. The fixative fi"om the bottle was 
poured out and tissue blocks rinsed once or twice with the fi^esh fixative. About 25 ml of the 
fixative was poured into the bottle and kept in the dark. 
4th Day : The tissue blocks remained undisturbed. 
5th Day: The tissue blocks were rinsed several times with 0.75% aqueous solution of silver 
nitrate (AgNOs) till the reddish brown colour of the potassium dichromate complex 
disappeared. The tissues were then placed in about 25 ml of 0.75% AgNOs solution and 
kept in the dark for a minimum of 48 h. 
Tissue embedding 
After 48 h of treatment with AgNOs, the tissue pieces were placed in a petridish and the 
silver deposits were brushed off gently. The tissue blocks were handled very gently and 
carefiilly at this stage and were not treated with any aqueous solution (Scheibel and 
Scheibel, 1978). The tissues were blotted and then dehydrated in absolute alcohol for 10 min. 
After dehydration, the tissue blocks were carefiilly mounted on required plane of cutting onto 
block holders and shell embedded with paraffin wax. After the wax was set, the block 
holder was mounted onto a sliding/ sledge microtome. 
Sectioning 
After the sections were taken in sledge or sHding microtome, the motor cortex and the 
POA were cut into 120 |im thick sections in coronal planes. Care was taken to keep the 
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exposed tissue surface moist with alcohol. The sections were collected in a petridish 
containing distilled alcohol. 
Clearing and mounting 
The sections were lifted gently with a brush. The sections were blotted dry and then 
transferred to xylene, in a petridish for clearing. Clearing was noted as complete once the 
sections sank and became translucent (Scheibel and Scheibel, 1978). The sections were then 
mounted serially on slides with DPX and fixed with cover slip. The slides were horizontally 
air dried for a week before they were viewed under a microscope. All the slides were given 
code numbers by the technician to overcome the experimenter's bias. 
TYPE OF NEURONS STUDIED 
Motor Cortex 
The motor cortex studied corresponded to the area 4 of the rat brain (Vogt and Miller, 
1988) and to the lateral field of the agranular cortex (Donoghue and Wise, 1982; Neafsey et 
al., 1986). The neurons were sampled from the layer V containing large pyramidal cells 
(Chow and Leiman, 1969), which were confirmed by counterstaining with 2% cresyl violet 
(Ramon-Moliner etal., 1964). 
Preoptic Area 
The mPOA neurons were selected fi^om below the anterior commissure (AC), between 
0.5 and 1.0 mm fi-om the midline at the level of the most rostral part of the third ventricle. 
The slices were taken only as far rostrally as the level of crossing of the AC and caudally the 
samples were discontinued at the level where the fibre bundles of stria terminalis are no 
longer in contact with the AC. any sub divisions as the neurons were small and heterogenic 
the entire spines were counted. 
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PROCEDURE FOR THE QUANTIFICATION OF DENDRITIC SPINES 
The dendritic spine density was quantified in neurons of mPOA and layer V region of the 
motor cortex. 
Neurons were viewed at random and those neurons which fulfilled the following 
criteria were selected for the quantification of spines. 
1 The cell type was identifiable (except in PGA where the cells were heterogeneous) 
2 Image resolution was sufficient to visually distinguish dendritic spine formations 
from the background 
3 Dark and consistent silver impregnation for a minimum distance of 100 um (layer V 
motor cortex neurons) in all the subdivisions of dendrites from both apical and basal 
regions and the entire neuron in the PGA. 
4 Relative isolation from neighbouring impregnated cells which might interfere with the 
analysis 
Subjective bias in spine counting was eliminated by prior coding of slides The experimenter 
was unaware of the different experimental conditions. From each animal 6 neurons 
were selected, accounting for 36 neurons per group per region. A total of 72 layer V motor 
cortical pyramidal neurons and 72 mPGA neurons were analysed from two groups of rats 
(control and TSD) 
Classification of dendrites 
Layer Vpyramidal neurons of the motor cortex 
Apical dendrites : Apical dendrites were classified as main shaft (MS), oblique shaft-I (OS-
I), oblique shafl-II (GS-II) and primary branch (PB) (Fig 2 6). 
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APICAL 
DENDRITES 
^ \ I II Hi IV V 
il III IV V 
MS 
^ BASAL 
DENDRITES 
Fig. 2.6 Schematic diagram showing categorization of dendritic branches and how 
they are divided into segments of 15.2 pm. MS, Main Shaft; PB, Primary 
Branch; OS-I, Oblique Shaft - I; OS-II, Oblique Shaft - II, SB, Secondary 
Branch. 
Basal dendrites : Basal dendrites were classified as main shaft (MS), primary branch (PB) 
and secondary branch (SB) (Fig. 2.6). 
Neurons of the POA 
The dendrites of the POA neurons were not classified into any sub divisions as the neurons 
were small and heterogenic the entire spines were counted. 
Quantification of dendritic spines 
The numerical density of dendritic spines were quantified in both apical and basal dendrites. 
The number of spines in layer V motor pyramidal neurons were counted in five successive 
segments of 15.2 |am distance upto a total dendritic length of 76 |im. On the other hand, 
for the POA neurons were counted in five successive segments of 10 [im distance upto a 
total dendritic length of 50 |im. Counting was carried out at 1500x magnification using lOOx 
oil immersion objective in Leitz microscope. One of the eye piece had a graticule, which 
allowed measurement of distance directly. 
STATISTICAL ANALYSIS 
Each parameter of the data of the control group was compared with TSD group by two 
tailed student's t- test. 
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RESULTS 
Chapter 3 
RESULTS 
Changes in the levels of monoamines 
Preoptic area: 
All the biogenic amines, NA, DA & 5-HT were significantly reduced after TSD for 48 h 
( 324.16 ± 24.20, 259.55 ± 18.68 and 976.91 ± 32.38) respectively (Fig. 3.1 and Table 3.1) 
against their control group (479.91 ± 23.31, 370.61 ± 28.71 and 1630.58 ± 50.98) (Fig. 3.1 
and Table 3.1). NA showed a percentage decrease of -30.45%, where as DA and 5-HT 
was -29.96% and -40.08% respectively (Table 3.1). 5-hydoxyindole acetic acid (5-fflAA) 
and tryptophan (TRP) showed an increase (1765.71 ± 118.75) when compared to the 
control group (1633.36 ± 139.49) but was not statistically significant (Fig. 3.1 and Table 
3.1). 3, 4 - dihydroxyphenylacetic acid (DOPAC) and 5-hydroxy-tryptophan (5-HTP) 
showed a significant increase (675.81 ± 20.90) by 4.86% from its control value (644.43 ± 
19.39) (Fig. 3.1 and Table 3.1). Theratio of 5-fflAA/5-HT in the mPOA after TSD (1.80 ± 
0.12) was significantly higher (p<0.001) than the control group (0.99 ± 0.08). Similarly 
ratio of DOPAC/DA after TSD (2.61 ± 0,19) in the mPOA was also higher (p<0.001) than 
the control (1.74 ±0.11). 
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Motor Cortex 
As shown in Fig 3 2 and Table 3 2, the levels of 5-HT was significantly decreased over to 
the control group (427 75 ± 61 45 and 330 18 ± 35.02) respectively The DA levels was also 
significantly reduced, where the reduction was by -20 79% fi-om the control Though the 
value of NA showed a reduction it was not statistically significant (Fig 3 2 and Table 
3 2) The monoamine metabolities DOPAC and 5-HTP (329 30 ± 33 08) and 5-fflAA and 
TRP (289 15 ± 46 64) showed an increasing trend though not significantly different (Fig 
3 2 and Table 3 2) The percentage increase was 13 12 and 6 66 respectively In the 
cortex the ratio of 5-HIAA/5-HT in the experimental group (0 88 ± 0 17) was not 
significantly different fi^om the control group (0 60 ± 0 13) The ratio of DO?AC/DA in the 
cortex in the TSD group (1 42 ± 0 15) was higher (p<0 05) than the control group (1 07 ± 
0 29) 
Structural changes in the POA neurons 
Numerical Spine densities: 
Though there was a marginal increase in all the segments, it was not found statistically 
significant when compared to the control group But the total number of spines upto a 
distance of 50 [xm was found to be significant (9 20 ± 1 00) as compared to the control 
group (7 03 ± 0 32) (Fig 3 3 and Table 3 3). Representative example of camera lucida 
tracings are shown in Fig 3 4 
Structural changes in the Vth layer pyramidal neurons of the motor cortex: 
Numerical spine densities; Apical dendrites 
The main shaft (MS) showed an increase in the spine densities along the distance away from 
the soma The total spine count (0-76 i^ m) was significantly different from the control group 
(48 25 ± 2 36), where the animals exceeded those of the control group by 20 59% (Fig 3 5 
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Fig. 3.2 Changes in the level of NA, DA, 5-HT, 5-fflAA & TRP, and DOPAC & 5-
HTP in control & TSD groups of the motor cortex. Data are mean ± SD. 
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Fig. 3.3 Graph showing the number of spines (control «& TSD group) on 
successive segments of 10 |Am upto 50 i^m & total length (50 (im) of the 
mPOA neurons. Data are mean ± SD. ** p <0.01. 
Table 3.3 
Spine densities on successive segments of 10 fon and 
the percentage difference in the medial preoptic area 
neurons of control and TSD groups 
Distance from 
soma (/xm) 
0-10 
10-20 
20-30 
30-40 
40-50 
0-50 
Control 
0.38 ± 0.27 
0.77 ± 0.29 
1.21 ± 0.74 
2.47 + 0.35 
2.19 ± 0.82 
7.03 ± 0.32 
TSD 
0.66 + 0.34 
1.13 ± 0.32 
1.69 ± 0.48 
3.10 + 0.41 
2.60 ± 1 . 1 5 
9.20** +1.00 
Percentage 
difference 
73.68 
46.75 
39.66 
25.5 
18.72 
30.86 
Each value represents mean ± SD data of 36 neurons 
** p < 0.01 (two-tailed student's t-test) 
Fig 3 4 Representative example of camera lucida tracings of mPO A neuron Inset 
Enlarged tracing of a small portion to show the dendritic spines Scale bar 
16 12 i^m, mset 4 06 fam 
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Fig. 3.5 Graph showing the number of spines (control & TSD group) on 
successive segments of 15.2 jam upto 76 |Lim «& total length (76 ^m) of the 
main shaft of apical dendrites of motor cortex neurons. Data are mean ± 
SD ** p< 0.01, ***p< 0.001 
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Fig 3.6 Graph showing the number of spines (control & TSD group) on 
successive segments of 15.2 \xm upto 76 |im & total length (76 fim) of the 
oblique shaft -1 of apical dendrites of motor cortex neurons Data are mean 
± SD ** p <0 01 
DENDRITIC SPINES OF APICAL DENDRITES 
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Fig. 3.7 Graph showing the number of spines (control & TSD group) on 
successive segments of 15.2 i^ m upto 76 ^m & total length (76 pim) of the 
primary branch of apical dendrites of motor cortex neurons. Data are mean 
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Fig 3 9 Graph showing the number of spines (control & TSD group) on 
successive segments of 15 2 |j,m upto 75 |j.m & total length (76 )am) of 
the main shaft of basal dendrites of motor cortex neurons Data are mean 
± SD *p<0.05 
DENDRITIC SPINES OF BASAL DENDRITES 
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Fig. 3.10 Graph showing the number of spines (control & TSD group) on 
successive segments of 15.2 i^ m upto 76 f^ m & total length (76 |j.m) of the 
primary branch of basal dendrites of motor cortex neurons. Data are mean ± 
SD. *p<0.05, **p<0.01. 
DENDRITIC SPINES OF BASAL DENDRITES 
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Fig 3 11 Graph showing the number of spines (control & TSD group) on 
successive segments of 15 2 \xm upto 76 p,m & total length (76 iim) of the 
secondary branch of basal dendrites of motor cortex neurons Data are mean 
± SD * p <0 05 
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Fig 3 12 Representative example of camera lucida tracings of motor cortex of 
neuron Inset Enlarged tracing of a small portion to show the dendritic 
spines of main shaft Scale bar 16 12 \xm, inset 4 06 |Lim 
p < 0 . 0 5 p < 0 . 0 1 
Fig 3 13 The overview schematic representation of spine densities of motor 
cortex neurons of TSD group The length of the bars are directly 
proportional to the mean number of spines of that segment. 
and Table 3 4) There was a significant increase in spine density at I and IV segments 
(5 71 ± 0 78 and 14 52 ± 1 36 respectively as compared to its control (Fig. 3 5 and Table 
3 4) Although there was no significant difference in the total spine densities of oblique 
shaft-I (OS-I), the TSD group was lower at I segment as compared to the control group 
(4 58 ± 0 90 and 3 80 ± 1 03 respectively), where the spine density decreased by -17 03% 
(Fig 3 6 and Table 3 4) Segmented analysis of the data of the primary branch (PA) were 
significant at IV and V segments (Fig 3 7 and Table 3 4) The total number of spines in 
this dendritic category was not significantly different from its control (57 69 ± 4.86 and 
63 98 ± 2 59) respectively In the oblique shaft-II (OS-II), only IV segment showed a 
significant increase (14 88 ±118) The total spine density was also significantly high (Fig 
3 8 and Table 3 4) 
Numerical spine densities: basal dendrites 
Segmental analysis of the spine densities of MS did not show any significant change in any 
of the segments But the total spine count (0-76 |im) revealed a significant increase (48 45 
± 1 77) as compared to the control group (53 36 ± 4 14) (Fig 3 9 and Table 3 5) Although 
there was an increase in spine density in all the segments of the PB there was statistical 
significant increase in segments IV and V(15 1 9 ± 2 3 1 and 16 10 ± 1.40) respectively, 
where the spine densites in TSD group exceeded by 20 84% and 38 43%) respectively as 
compared to its control (Fig 3 10 and Table 3 5) The total spine count was also 
significantly high Only segment V of the secondary branch (SB) was significantly high (Fig 
3 11 and Table 3 5) Representative example of camera lucida tracings of layer V 
pyramidal motor cortex neurons is shown in Fig 3 12 The over all schematic 
representation of spine densities is shown in Fig 3 13. 
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DISCUSSION 
TSD for 48 h had led to a decrease in the monoamines, which was more drastic in the 
mPOA than in the motor cortex. There was an increase in the number of dendritic spines 
both at the mPOA and the motor cortex. 
Monoamines 
NA concentration was decreased in the mPOA, though no significant alteration was 
found in the cortex. According to an earHer report, NA concentration was lower in the 
posterior hypothalamus, neocortex and hippocampus after REM sleep deprivation for 
24 h (Porkka-Heiskaness et a/., 1995). However, according to another report, the NA 
concentrations in frontal and parietal cortices remained unchanged even after REM sleep 
deprivation for 96 h (Farooqui et al, 1996). On the other hand, TSD for 4 h produced no 
change in NA concentrations in the hypothalamus, frontal cortex, hippocampus, brain 
stem and olfactory bulb (Asikainen et a/., 1995). Thus, the TSD for 48 h produced a 
significant decrease in the NA, which is by and large localized to the mPOA. 
It has been suggested that the enhanced release of NA, resulting from an increased 
impulse activity of adrenergic system, led to a depletion of this transmitter in the nerve 
terminals (Porkka-Heiskeness et ai, 1995). So it could be taken to indicate that the increased 
100 
sleep pressure during TSD caused an enhanced release of NA at the mPOA. Highly 
significant decrease of NA at the mPOA, without any significant change in the cortex could be 
taken as a further support to the contention that the noradrenergic fibres play a hypnogenic 
role at the level of the mPOA ( Kumar et a/., 1993; Ramesh et a/., 1995; Ramesh and 
Kumar, 1998). Though the noradrenergic fibers projecting to the mPOA have been shown 
to be involved in the induction of sleep, these fibers have also been implicated in the arousal 
mechanism at the cortical level (Jones et al.,1973; Kumar et ai, 1993). It has also been 
suggested that the stress may cause increased release of NA fi^om the terminals in the 
neocortex and posterior hypothalamus, eventually leading to a decrease in NA 
concentration in the terminals (Porkka-Heiskaness et a/., 1995). 
The decrease in 5-HT in the mPOA after TSD could be taken to indicate an increased 
turnover of 5-HT. An increase in the turnover of 5-HT in the hypothalamus has been 
suggested, as the 5-HIAA/5-HT ratio was significantly increased after TSD (Asikainen 
et al.,\991). In the present study also this ratio was found to be significantly higher at the 
mPOA after TSD, though there was no change in the motor cortex. However much 
emphasis cannot be placed on this finding as the 5-HIAA values were assumed on the basis 
of peaks which coeluted with TRP. The decrease in 5-HT levels in the cortex is comparable 
to that shown in some of the earlier reports. 5-HIAA/5-HT ratio was significantly 
increased after TSD not only in the hypothalamus and the fi-ontal cortex, but also in the 
hippocampus, and brainstem, indicating an increased 5-HT turnover in all these regions 
(Asikainen e/a/., 1997). On the other hand, according to their earlier report, there were 
no changes in 5-HT turnover in the frontal cortex and olfactory bulb in hamsters after TSD 
for 4 h (Asikainen et ai, 1995). After REM sleep deprivation, the concentration of both 5-
HT and HIAA were shown to be reduced in the frontal and parietal cortices (Farooqui et 
ai, 1996). So, the 5-HT turnover is probably increased throughout the brain after TSD, 
though it is significantly increased at the mPOA. 
The DA levels were reduced both at the mPOA and the cortex after TSD, though the 
changes in the level of the metabolite, DOPAC, were significant only in the mPOA. 
Increased level of DOPAC along with a decrease in DA could be taken to indicate an 
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increased turnover of DA at the mPOA. DOPAC/DA ratio also increased at the mPOA 
and cortex. But, much importance cannot be given to this finding as it is based on the height 
of the peak of DOP AC which coeluted with 5-HTP. According to another report DA and 
DOP AC concentration were elevated in the hypothalamus after TSD for 4 h (Asikainen et 
a/., 1995). The concentration of DA, DOP AC and homovanillic acid remained unchanged 
in the fi-ontal and parietal cortices, after REM sleep deprivation for 96 h (Farooqui et 
al, 1996). 
It is difficult to explain the fiinctional importance of a decrease in DA and 5-HT levels at the 
mPOA and cortex after TSD. Activation of hypothalamic - pituitary - adrenal axis and 
stimulation of various neurotransmitter systems in response to stress have been suggested 
as a factor in the increase in dopamine metabolites in the hypothalamus (Invone et al., 
1977; Rees and Gray, 1984; Gilad et a/., 1987; Farooqui et al., 1996). These transmitters 
have also been implicated in many other fianctions like thermoregulation and reproduction 
at the level of the mPOA (Rodriguez et al., 1984; Datta et al., 1987; Verma et al., 1989a; 
Mallick et al., 1996). These fiinctions are also altered after sleep deprivation (Verma et 
al., 1989b; Franken et al; 1993). The altered levels of DA and 5-HT might be playing a role 
in the alteration of these Sanctions. 
A decrease in the levels of monoamines of TSD rats could indicate either a lower level of 
release of these transmitters, or their depletion due to synaptic over activity. Decrease in the 
monoamine levels, along with an increase in their products of metabolism, may indicate the 
second possibility mentioned above. A study in which all the metabolites of the 
monoamines are estimated would provide a better answer to this question. 
Dendritic spine density 
Increase in the synaptic activity has also been shown to elevate the spine number in the 
central nervous system (Globus and Scheibel, 1966; Valverde, 1967). Earlier studies have 
shown an increase in spine densities in different brain regions after exposing the animals to 
different environmental conditions (Gundappa & Desiraju, 1988; Mahajan & Desiraju, 
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1988; Shankaranarayana Rao et a/., 1993; Sunanda et a/., 1995). Long-term electrical 
stimulation of the presynaptic pathways to the pyramidal cells in adult cats produced an 
increase in spine density (Rutledge er a/., 1974). Increase in spine density, in the mPOA 
neurons of the rats, subjected to prolonged isolation stress, has been attributed to the 
enhanced synaptic activity (Sanchez-Toscano et al., 1991). Though the ahered levels of 
monoamines could be playing an important role in the morphological changes, the 
role of other transmitters cannot be ruled out. REM sleep deprivation significantly 
increased the levels of glutamate and glutamine (Bettendorff e/ a/. 1996). The altered levels 
of these excitatory amino acids, and possibly many other transmitters, may also be 
contributing towards the post synaptic changes. 
The possible contribution of some induced stress, to the observed increase in spine 
densities, cannot be ruled out (Sunanda et al., 1995). However, sleep deprivation in 
the rotation cylinder (1 rotation/45 s) produced a minimum amount of stress and physical 
exercise for the animal (Borbely & Neuhaus, 1979). 
Thus, enhanced afferent input signals, due to sustained sleep pressure in the TSD rats, 
might have produced an increased release (and subsequent break down) of the monoamine 
transmitters in the brain, particularly in the mPOA. Significant decrease in NA, which was 
found only in the mPOA, provides further support for the claim that it plays an important 
role in sleep regulation at this region. The increased synaptic activity produced by an 
enhanced release of monoamines, especially NA, could be responsible for the increased 
spine density at the mPOA. 
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MAJOR CONTRIBUTIONS 
MAJOR CONTRIBUTIONS 
1. NA was reduced in the mPOA, though there was no significant change in the cortex. 
DA & 5 - HT were decreased both in the mPOA and cortex after total sleep 
deprivation. 
2. Dendritic spine counts in the mPOA and the motor cortex were increased after total 
sleep deprivation. 
3. Enhanced release of monamines and their subsequent break down during sleep 
deprivation could be responsible for the decreased levels of the transmitters. 
4. Increase in the synaptic activity, resulting in the enhanced release of the transmitter 
might be responsible for the increased spine density. 
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MEDIAL PREOPTIC AREA LESION STUDIES 
INTRODUCTION 
Chapter 1 
INTRODUCTION 
Lesion and stimulation studies have shown that the medial preoptic area (mPOA) plays 
an important role in hypnogenesis (Alsala et ai, 1990; Nauta, 1946; Szymusiak et al, 
1991; Benedek et ai, 1979; Hernandez-Peon and Chavez-Ibarra, 1963; Sterman and 
Clemente, 1962; Yamaguchi et al.,1962). The mPOA also has large number of 
noradrenergic (NE) afferent terminals (Anden et al., 1966; Palkovits et a/., 1974; Swanson 
and Hartman, 1975). Changes in sleep-wakefulness (S-W) brought about by local application 
of NE agents indicate that the NE fibers in the mPOA play a fiinctional role in the alteration 
of sleep (Kumar et al., 1984; 1986; Datta et a/., 1988; Mallick and Alam, 1992; Ramesh et 
al., 1995; Ramesh and Kumar, 1998). It was suggested, on the basis of locally applied 
adrenergic agonist and antagonist that the alpha adrenergic receptors are involved in the 
regulation of sleep (Ramesh et al., 1995; Ramesh and Kumar, 1998). It was also inferred on 
the basis of changes in sleep brought about by local administration of clonidine and 
yohimbine that the adrenergic agents act on the post synaptic o 1 receptors to induce sleep 
(Kumar et al., 1986; Ramesh er a/., 1995; Ramesh and Kumar, 1998). Still, it is difficult to 
presume the role of NE fibers on the basis of studies where NE agonists and antagonists 
are locally applied. The study of changes in S-W, after the destruction of the NE fibres 
in the mPOA would clarify the role played by these fibers in the regulation of sleep. 
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In an earlier study, it was shown tiiat the destruction of NE fibers of the mPO A with 6-
hydroxydopamine (6-OHDA) produced an increase in wakefulness after 2 days. It is 
essential to study the changes in S-W for longer periods, since another physiological 
parameter, i.e., the male sexual behaviour, though suppressed on the fourth day after 6-
OHDA lesion of the mPOA, showed complete recovery by twelfth day (Dhawan et 
a/., 1998). On the other hand, the failure in thermoregulation produced by the same toxin 
did not show any recovery even after several days (Myers and Ruwi, 1977). So, it is essential 
to undertake a study in which changes in S-W after 6-OHDA lesion of the mPOA, are 
monitored for at least 12 days. 
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Chapter 2 
MATERIALS AND METHODS 
Most of the surgical technique is as mentioned in part I of this thesis. The brief account of the 
same is given below. 
Male Wistar rats, weighing between 150 and 250 g, were used for the study. They were 
housed in separate cages in an animal room having controlled temperature (26 ± 2° C) and 
light-on period fi"om 05.00 h to 19.00 h. Food and water were provided ad libitum. In these 
rats 6-OHDA was injected into the mPOA through an injector cannula, and the effects 
upon S-W were studied. EEG, EMG and EOG electrodes were chronically implanted in 
all the animals, as described earlier (Ramesh and Kumar, 1998). S-W was assessed in each 
animal for a period of 24 h (19.00 h to 19.00 h next day) by recording EEG, EMG and EOG 
on a polygraph (Grass Model 7B) (Fig. 2.1). Details of the experimental plan is 
mentioned in Table 2.1. The paper speed was kept at 100 mm/min. The behaviour of the 
animal was also noted simultaneously. The record was divided into epochs of 30 s and 
visually scored using the criteria described earlier (John e/a/., 1994). The entire record was 
analyzed and classified into five different stages of sleep-wakeflilness, i.e., active 
wakefijlness (Wl), quiet wakefulness (W2), light slow wave sleep (SI), deep slow wave 
sleep (S2) and REM sleep (PS). 
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Fig 2 1 Polygraph recording showing slow speed (100 mm/min) of 
electrooculogram (EOG), electroencephalogram (EEG) and 
electromyogram (EMG) of rat during different sleep - wakefiil stages 
Table 2.1 
Experimental procedure 
SI No 
1 
2 
3 
4 
5 
6 
7 
8 
Days 
1 
2 
3-6 
7-8 
9 
11 
15,19,23 
24 
Time 
-
-
09 30-12 30 
03 00-17 30 
09 30-12 30 
03 00-17 30 
19 00-19 00 
(Next day) 
18 00-19 00 
19 00-19 00 
(Next day) 
-
Experimental procedure 
Selection of animal, labelling and housing them 
separately 
Induction of pentabarbitone anaesthesia and surgical 
procedures for microinjection of drugs into the 
mPOA and electrodes for recording EEG, EMG and 
EOG 
Animal periodically monitored Assessment of post 
operative recovery by observing the body 
temperature, food - water intake and general 
behaviour of the animal 
Familiarising the animal with the recording cage 
Polysomnographic control recording of sleep wake-
fulness for 24 h 
Induction of pentabarbitone anaesthesia and 
microinjection of neurotoxin into the mPOA 
Polysomnographic experimental recording of sleep 
wake-flilness for 24 h 
Sacrificing the animal for histofluroscence and to 
confirm the site of microinjection 
lurl OS = J^q ^l^^S ajnssiuituoo JOUSJUB - OB (g) siBUiuuaj 
0iSj9uraiB]Oii09jB0 JO uoipnjjsap IBJOJ ssjBoipui dnojg pajBSjj v a H 0 " 9 "! 
30U30S9Jonu JO 9ouBJB3ddBSiQ (v) §uiurejs pioB oi|Axo/vi§ 9i[j jayB 
S1BUIIUJ3J 0I§J3UIUIBlOq09;B3 JU90S9J0nu §UlM0qS '9jnSSIUIlUO0 JOU9JUB 
9q; MOjgq V O d ^ JO [9A9[ 9qj JB uoip9s urejq jw jo qdBjSojoiuiojoqj £ 2 Sij 
Y O d ^ 9qi Suiuois9| joj Saip j o 
uoip9fuiojoiui 9qj JOJ snjBJBddB 9IXBJO9J91S aq; uo p9xij V2i p9zi;9q;s9Buv Z Z §!£ 

After the control record of S-W for 24 h (19.00 h to 19.00 h next day), the rats received 
injections of 8 \xg of 6-OHDA (dissolved in 0.2 [i\ of saline containing 1 mg/ml ascorbic 
acid) in the mPOA. Bilateral intracerebral injections were given at the rate of 0.1 [il/min (Fig. 
2.2). S-W was recorded for additional 24 h (19.00 h to 19.00 h next day) on the fourth, 
eighth and twelfth days after the administration of the drug at the mPOA. After the study 
was completed, the injection sites and the degree of catecholaminergic (CA) fiber 
degeneration were histologically confirmed, in five animals (Fig. 2.3). Five normal rats were 
also decapitated and the brains were removed and processed for confirmation of 
histochemical staining of CA fibers by the glyoxylic acid method (de la Torre and 
Surgeon, 1976). 
The recordings were divided into bins of 1 hour each. The values of sleep during dark and 
light periods and total sleep for 24 h, prior to 6-OHDA lesion, were statistically compared 
with sleep periods on different days after the lesion. The amount of dark period sleep was 
divided by the light period to calculate the night - day ratio of sleep. The values of various 
phases of S-W (total, dark and light periods), prior to lesion, were also statistically 
compared with the sleep phases on different days after the lesion. The values of total sleep 
and each phase of S-W of different animals in each group, prior to intracerebral injection, 
were statistically compared using one way analysis of variance. The of S-W, before and 
after 6-OHDA lesion were compared by using paired student's t-test (two tailed). 
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RESULTS 
Changes in sleep-wakefulness after 6-OHDA lesion of the mPOA 
6-OHDA was injected into the mPOA of five rats. All of them showed almost total 
bilateral destruction of the CA terminals in the mPOA. The results from these rats are 
described below. 
Changes in duration of S-Wstages 
Prelesion recordings of S-W of 24 h showed that the rats spent 52.69 ± 5.20% of time in 
sleep (Fig. 3.1 and Table 3.1). SI, S2 and PS occupied 46.22 ± 5.08%, 2.88 ± 1.16% and 
* 3.56 ± 1.28% respectively. Wl occupied the major component of the wakefijlness (37.31 ± 
3.34%), whereas W2 occupied only 9.98 ± 3.18% (Fig. 3.1 and Table 3.1). There was no 
change in the duration of all the stages of S-W on the fourth day. S1 was reduced only on 
the eighth day following lesion (40.03 ± 3.86%) (Fig. 3.1 and Table 3.1). Similarly the total 
amount of sleep (SI + S2 + PS) was reduced significantly (46.31 ± 4.32%) (Fig. 3.2). At 
the same time Wl increased significantly after eighth and twelfth day of the lesion. It 
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CHANGES IN SLEEP-WAKEFULNESS AFTER 
6-OHDA LESION OF THE mPOA 
% OF RECORDING TIME 
t D4 D 8 RECORDING DAYS 
Lesion 
W l 
S2 
W 2 
PS 
SI 
Fig 3 1 Bar diagram shows the percentage of 24 h recording time (mean ± SD) of 
various stages of sleep-wakefulness. Recordings were done before lesion 
(C) and on fourth (D4), eigth (D8) and twelfth (D12) days respectively 
after 6-OHDA lesion of the medial preoptic area. Wl, active wakeftilness, 
W2, quite wakefijlness; SI, Light slow wave sleep; S2, deep slow wave 
sleep, PS, paradoxical sleep. The postlesion values are compared with 
corresponding prelesion control recording * p <0 05; ** p <0.01 
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CHANGES IN SLEEP AFTER 6-OHDA 
LESION OF THE mPOA 
OF RECORDING TIME 
t D4 D8 RECORDING DAYS D12 
Lesion 
TOTAL DARK LIGHT 
Fig. 3.2 Bar diagram shows duration of sleep (S1+S2+PS) in percentage 
recording time (mean ± SD) in total (24 h), dark (10 h) and light (14 h) 
period. Recordings were done before lesion (C) and on fourth (D4), eigth 
(D8) and twelfth (D12) days respectively after 6-OHDA lesion of the medial 
preoptic area. The postlesion values are compared with corresponding 
prelesion control recording. * p <0.05. 
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CHANGES IN S-W DURING DARK PERIOD 
AFTER 6-OHDA LESION OF THE mPOA 
80i 
% OF RECORDING TIME 
I D 4 D8 RECORDING DAYS 
Lesion 
W l 
S2 
W2 
PS 
SI 
Fig 3 3 Bar diagram shows the percentage of dark period (10 h) recording time 
(mean ± SD) of various stages of sleep wakefulness Recordings were done 
before lesion (C) and on fourth (D4), eigth (D8) and twelfth (D12) day 
respectively after 6-OHDA lesion of the medial preoptic area Wl active 
wakefiilness, W2, quite wakefulness, SI, Light slow wave sleep, S2, deep 
slow wave sleep, PS, paradoxical sleep The postlesion values are 
compared with corresponding prelesion control recording * p <0 05 
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CHANGES IN S-W DURING LIGHT PERIOD 
AFTER 6-OHDA LESION OF THE mPOA 
% OF RECORDING TIME 
t D4 D8 RECORDING DAYS D12 
Lesion 
W l 
S2 
W 2 
PS 
SI 
Fig. 3.4 Bar diagram shows the percentage of light period (14 h) recording time 
(mean ± SD) of various stages of sleep wakefiilness. Recordings were done 
before lesion (C) and on fourth (D4), eigth (D8) and twelfth (D12) day 
respectively after 6-OHDA lesion of the medial preoptic area. Wl active 
wakefiilness, W2, quite wakefialness; SI, Light slow wave sleep; S2, deep 
slow wave sleep; PS, paradoxical sleep. The postlesion values are 
compared with corresponding prelesion control recording. * p <0.05; 
*** p<0.001. 
0.8 
0.6 
0.4-
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DAY-NIGHT SLEEP RATIO AFTER 
6-OHDA LESION OF THE mPOA 
NIGHT/DAY RATIO 
0 I D4 D8 RECORDING DAYS D12 
Lesion 
Fig. 3.5 Figure shows the day-night sleep ratio obtained by dividing the duration 
of night time sleep by the day time sleep period. The bars represent the 
sleep ratio (mean ± SD) on control recording (C) and on fourth (D4), 
eigth(D8) and twelfth (D12) days respectively after 6-OHDA lesion of the 
medial preoptic area. 
occupied 45 96 ± 6 48% and 48 43 ± 5 15% of the 24 h recording respectively (Fig 3 1 and 
Table 3 1) 
Changes in day-night sleep distribution 
Separate analysis of S-W data of the night (lasting for 10 h) and day (lasting for 14 h) of 
prelesion showed that the animals spent 46 83 ±11 50% (Fig 3 3 and Table 3 2) and 56 85 ± 
4 33% (Fig 3 4 and Table 3 3) respectively, in sleep (Fig 3 2) On the eighth day after 
the lesion, the duration of sleep during the dark and light periods were reduced to 40 96 ± 
6 98% (Fig 3 3 and Table 3 2) and 50 13 ± 6 84% (Fig 3 4 and Table 3 3) respectively 
(Fig 3 2) Throughout the penod of this study this pattern was maintained On the twelfth 
day the sleep duration during the light penod reduced to 41 70 ± 9 16% which was 
statistically significant When individual component of sleep was looked at SI reduced 
significantly on day eight and twelve after lesion (Fig 3 4 and Table 3 3) Wl was 
significantly higher on the twelfth day There was no significant change in the ratio of day 
and night sleep (Fig 3 5) 
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Chapter 4 
DISCUSSION 
6-OHDA lesion of the mPOA produced some reduction in sleep and increase in 
wakefiilness. Though these alterations were not very marked, there was no recovery even 
after twelve days. It was the change in SI which primarily contributed to the reduction in 
sleep, and the Wl which primarily contributed towards the increase in wakefulness. The 
diurnal rhythm of sleep was not affected by the destruction of CA fibers in the mPOA. The 
study showed that the sleep reduction or increase in wakefulness, induced by the CA 
fibers lesion at the mPOA was a permanent change and not a short lasting alteration as in 
the case of male sexual behaviour (Dhawan et ai, 1998). 
It has been reported earlier that the mPOA lesion by 6-OHDA produced increase in W2 
(Kumar et ai, 1993). But the present findings show that there is an increase in Wl after 6-
OHDA lesion of the mPOA. This alteration could be due to the difference in the recording 
days. In the previous study, the recording was done on the second day after the lesion. On 
the other hand, in the present study, the recordings were carried out on fourth, eighth and 
twelfth day after the lesion. A mild akinesia apparent on the second day, might have got 
reversed by the fourth day. 
Local injection of 6-OHDA produce destruction of both NE and dopaminergic fibers. But the 
changes in S-W produced by 6-OHDA injection was due to the destruction NE fibers, 
as the destruction of dopaminergic fibers alone did not produce any alteration in S-W 
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(Kumar e? a/., 1993). In this study, S-W was recorded after four days of lesion. This time 
period is sufficient to complete the lesion of CA terminals by the action of 6-OHDA. Bloom 
(1971) demonstrated a depletion of brain NE and DA within one day after injection of 6-
OHDA in the cerebro-spinal fluid. 
Increased wakefulness observed, in normal animals, after injection of NE in the mPOA 
(Kumar et a/., 1984, 1986) may appear contrary to the increased wakefiilness obtained on 
destruction of NE fibers in this study In an area innervated by NE fibers, locally applied 
NE could act on both presynaptic and postsynaptic receptors (Langer 1981). A presynaptic 
site of action of hypothalamically injected NE in normal animals was suggested in an 
earlier study (Booth, 1968). It has been shown that the arousal produced in the normal 
animals is due to the action of NE on the presynaptic terminals resulting in a decreased 
availability of NE for postsynaptic action (Kumar e? a/., 1993; Ramesh e?a/.,1995; Ramesh 
and Kumar, 1998). Thus, there is no contradiction between the NE fiber lesion studies 
and intracerebral drug administration studies. 
It is likely that the NE fibers responsible for the changes in S-W pass via the ventral 
noradrenergic bundle (VNA), as most of the NE fibers projecting to the hypothalamus from 
the brain stem pass via this fiber pathway This possibility is fiarther supported by the 
fact that the S-W responses elicited from the mPOA could be altered after lesion of the 
VNA. It may be recalled that the DNA has been shown to be involved in the arousal 
mechanism (Jones et al.,1973, Lidbrink, 1974). So, it could be hypothesized that the VNA 
projecting to the mPOA is involved in hypnogenesis, whereas DNA projecting to the cortex is 
involved in arousal. Increased somnolence was reported in cats after injection of 6-
OHDA into the trajectory of the VNA (Panksepp et al.,1974). The lesion of VNA, 
however, is not comparable to the lesion of NE terminals at the mPOA, as the VNA supplies 
NE fibres to several other areas of the hypothalamus and basal forebrain apart from the 
mPOA. Moreover, in their study these authors do not rule out damage to the DNA 
because of the wide spread decrease in the NE content of the brain. 
112 
6-OHDA is a cytotoxic substance that is taken up and concentrated by specific transport 
mechanism of CA neurons. This "membrane pump" seems to be a prerequisite for the 
destructive effect of the amine (Sachs and Jonsson, 1975). During the autooxidation of 6-
OHDA, H2O2, superoxide (O2') and hydroxy ('OH) fi-ee radicals are produced. Superoxide 
radical catalyses the oxidation of 6-OHDA, resulting in an increase in the formation of 
radicals, H2O2 and quinones. The formation of O2" and 'OH fi-ee radicals may be cytotoxic 
due to the interaction of these radicals with tissue constituents (Sachs and Jonsson, 1975). 
By the action of 6-OHDA the membrane deteriorates and it depolarizes with an increased 
Ca^ * permeability and raised extracellular potassium (Douglas and Rubin, 1963; Sachs and 
Jonsson, 1975). 
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MAJOR CONTRIBUTIONS 
MAJOR CONTRIBUTIONS 
1 6-OHDA lesion of the mPOA produced some reduction in sleep and increase in 
wakefullness. Though these alterations were not very marked, there was no recovery 
even after twelve days. It was the change in SI which primarily contributed to the 
reduction in sleep, and the Wl which primarilty contributed towards the increase in 
wakefulness. 
2. The diurnal rhythm of sleep was not affected by the destruction of 
catacholaminergic fibres in the mPOA. 
3. The study showed that the sleep reduction or increase in wakefulness induced by the 
catacholaminergic fibres lesion at the mPOA was permanent. 
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SUMMARY AND CONCLUSION 
SUMMARY AND CONCLUSION 
Several lines of experimental studies, like intracerebral microinjection, unit recording, 
stimulation and lesioning, evidence have shown that the medial preoptic area (mPOA) plays 
a major role in the regulation of sleep-wakefulness (S-W) and body temperature (Nauta, 
1946; Sterman and Clemente, 1962; Findlay and Hayward, 1969; Parmeggiani et al., 1974; 
Benedek et ai, 1979; Mallick et al., 1983; Kumar et al., 1984, 1986, 1993; Datta et al., 
1988; John et al., 1994; Koyama and Hayaishi, 1994; Alam et al., 1995; Ramesh et al., 1995; 
Ramesh and Kumar, 1998), The mPOA receives noradrenergic, dopaminergic and 
serotonergic afferent inputs (Anden et al., 1966; Palkovits and Zaborszky, 1979). The 
probable involvement of these monoaminergic systems, at the level of the mPOA, in the 
regulation of sleep could be investigated by assessing the levels of noradrenaline (NA), 
dopamine (DA) and serotonin (5-HT) in this area after sleep deprivation. The changes 
in the activity of afferent terminals in the mPOA could be also studied by observing the 
morphological changes in the dendritic spines of the neurons in this area. Local application 
of drugs at the mPOA and lesions of specific aflferents projecting to the mPOA have shown 
that the 5-HT and DA fibers may not be playing a major role, at this level, for regulation of 
S-W. Local application of NA at the mPOA, on the other hand, produce changes in S-W 
(Kumar et al., 1984). But it is difficult to presume the role of NA fibers on the basis of the 
studies where NA agonists and antagonists are locally applied. The study of changes in S-W, 
after the destruction of the NE fibres in the mPOA would clarify the role played by these 
fibers in the regulation of sleep. Though an increase in NA turn over at the mPOA was 
suggested after sleep deprivation, and a decrease in sleep after lesion of NA fibers projecting 
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to the mPOA, local application of NA at the mPOA produced an increase in arousal (Kumar 
et ai, 1984) This apparent contradiction was resolved by the experiment in which NA 
induced sleep, when applied at the mPOA after lesion of the ventral noradrenergic bundle 
(VNA) supplying NA fibers to the hypothalamus including the preoptic area. It was 
suggested that the arousal induced by the NA in normal animal was due to its action on the 
presynaptic QL2 receptors To resolve this issue QL2 agonist and antagonist were applied at the 
mPOA in normal free moving rats For further confirmation of the site of action of these 
drugs, they were applied at the mPOA after destruction of CA terminals containing the az 
receptors Most of the adrenergic agents, including clonidine, which alter the S-W, also 
bring about an alteration in body temperature when applied at the mPOA (Romanovsky et 
ai, 1993, Schmidek et ai, 1972, Valatx et al, 1973) So, the changes in the rectal 
temperature (Tree) was also monitored after application of these drugs at the mPOA 
The series of experiments which ultimately lead to identification of aflferents, the 
neurotransmitters, the receptors and the mode of action of NA afferents at the mPOA were 
the following 
1 Study of the profiles of the monoaminergic neurotransmitters (NA, DA, 5-HT) and its 
metabolites ( 3,4-dihydroxyphenylacetic acid (DOPAC) and 5-hydroxy-tryptophan 
(5-HTP), and 5-hydroxyindole acetic acid (5-HIAA) and tryptophan (TRP) at the 
mPOA and cortex in normal and total sleep deprived rats. 
2 Alteration in dendritic morphology (numerical spine densities), at the mPOA and 
cortex in normal and sleep deprived rats 
3 Changes in S-W in rats after selective destruction of CA fibers at the mPOA with 6-
OHDA 
4 Study of the effects of local application of clonidine (an o2 agonist) and yohimbine (a2 
antagonist) at the mPOA on S-W and body temperature in normal and VNA lesioned 
rats 
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The data was collected on the basis of resuhs obtained from 77 male adult rats, Rattus 
norvegicus (Wistar strain) weighing between 225 to 275 g. Out of these, the bulk of the 
experiments (48 rats) were conducted for intracerebral microinjection studies. So, in the 
thesis these experiments are described first. These rats were divided into eight groups of six 
each. Under pentabarbitone sodium anaesthesia (40 mg/kg bw, ip), electrodes for recording 
EEG, EMG and HOG, and bilateral guide cannulae for injection of drugs at the mPOA, were 
chronically implanted. In four groups the VNA were also bilaterally lesioned by injecting 8 
|ig of 6-OHDA in 1 [0,1 of saline containing 1% ascorbic acid. Clonidine and yohimbine 
were locally applied at the mPOA, in both normal and VNA lesioned rats, to find out the 
role of a2 receptors at this brain region in the regulation of sleep-wakefialness and 
body temperature, and its possible interrelationship. In all the rats the Tree was 
monitored every 5 min through out the study. Though arousal was produced in normal 
rats by the injection of the a2 adrenergic agonist, clonidine, at the mPOA, it induced 
sedation in the rats with NA fiber lesion. Behavioural arousal produced by clonidine 
administration was accompanied by EEG synchronization. Clonidine did not alter the rectal 
temperature in normal rats but it induced hypothermia in the lesioned rats. Injection of 
a2 antagonist, yohimbine, at the medial preoptic area induced sleep in rats with intact 
noradrenergic fibres. However, the sleep inducing effect of this drug was very much 
attenuated in the lesioned animals. There was no significant change in body 
temperature, in both these groups of animals, after yohimbine administration. These 
microinjection studies indicates the role of presynaptic ai adrenergic receptors in arousal 
response and indirectly supports the contention that the at postsynaptic receptors at the 
mPOA are involved in hypnogenesis. It also suggests that the thermal changes induced by 
adrenergic system are mediated through o 1 postsynaptic receptors. But the thermal changes 
do not contribute towards the induced alterations in S-W. It is proposed that there should 
be separate sets of noradrenergic terminals for regulation of sleep and body 
temperature. 
Experiments were conducted on 24 adult male Wistar rats to find out the alteration in the 
levels of monoamines and dendritic spine densities in the mPOA and cortex (as control 
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area) after total sleep deprivation (TSD). The rats were subjected to TSD by placing them 
in a slowly rotating sleep deprivation chamber. After 48 hrs of TSD, the control as well as 
the experimental animals were sacrificed to estimate the monoaminergic 
neurotransmitter profile and the changes in spine densities. NA was reduced in the mPOA, 
though there was no significant change in the cortex. DA and 5-HT were decreased both in 
the mPOA and in the cortex. Dendritic spine counts in the mPOA and the motor cortex 
were increased after total sleep deprivation. The reduction in the monoamines in the 
mPOA could be due to the enhanced release of the monoamines and their subsequent 
breakdown during sleep deprivation. Increase in synaptic activity, resuhing in the 
enhanced release of the transmitters, might be responsible for the increased spine density. 
Long term changes in the S-W after the selective destruction of NA terminals in the mPOA 
were studied in 5 animals. The 24 h recording were carried out before mPOA lesion and on 
days 4, 8, 12 after the mPOA lesion. There was a significant increase in Wl after 8 days of 
lesion which persisted on the 12th day. Wl was the major component of the wakefiilness. 
There was no significant change in the duration of all the stages of S-W on the fourth day. 
The reduction in total sleep was significant only on the eighth day. But the day time sleep 
was found to be decreased significantly on the twelfth day. During light period, SI was 
reduced on both eighth and twelfth days. On the other hand, increase in Wl was 
significant only on twelfth day. Wl was increased significantly on eighth day during the 
dark period. In spite of the variation in S-W, the day night sleep ratio was not affected by 
6-OHDA lesion of the mPOA. It has been reported earlier that the mPOA lesion by 6-
OHDA produced increase in W2 (Kumar et al, 1993). But the present findings, in the 
lesion study, show that there is an increase in Wl after 6-OHDA lesion of the mPOA. This 
alteration could be due to the difference in the recording days. In the present study, the 
recordings were carried out on fourth, eighth and twelfth day after the lesion. On the basis 
of the findings reported in the thesis, and also on the basis of available literature, it can be 
concluded that the NA fibers projecting to the mPOA play a hypnogenic role. It is likely 
that the NE fibers responsible for the changes in S-W pass via the VNA, as most of the NA 
fibers projecting to the hypothalamus from the brain stem pass via this fiber pathway. 
This possibility is fiirther supported by the fact that the S-W responses elicited from the 
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mPOA could be altered after lesion of the VNA. Sleep regulation and body temperature 
regulation are regulated through ai receptors in the mPOA, but there are separate sets 
of NA terminals involved in these two functions. 
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